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Pref ace/

1he U.S. Arflte Aii'omed ical I I searchi Iaberat ore I SAAI. iN ;i
itas I med Lea researc rlIabolralr ore f thle . \rlw, Mocd i :o I

Resea rch aind DtevelIopmient CO?1111tttd IISAMU11 tI ( I* F* cc L of 'Iw
Surl.!eon GeneralI . USAARI, is a tenant oa i. a t iona t ho
Uini ted States .*'rmv Aviat ion Cenlt r, kort: IRiteke r, AlIa baria.

The IISAARI. was est ah i ished in 11)02 to iccomp I i sh researIch inl
SUpport of thle Army av jat ion commun itye and a i ibarne actiiI i cs .-

Addtinal m ission areas were added to thle I abaratoarv and t 'a ns
ferred at the cl osing or thle F:ort lYnex I albrator v in P)-'1 and are
r'efl ected in the mitssiton statement . TheC I aora toreY's miSi onl hlas;
CXp~aned evenI fulrther- inl recent \'CarS 10 a lIncIC the issitn
of' thle med ica l impact of advanced :Iiinnr anld ari tI [rc m'n~polt s
sys.tems and other liolilite i cal maiteriel

The U.S. Arm\, .v iat ion (enter, x% ithI its I arce conttejtrat i ott of'
humlian anid equipminent resoui'es . rroy ideLs ott. i lahar;ilr I a e v'Soiite
with anl ideal eonvironiment in is-liicit to remta in ihr~stof Army
aviat ion dove Iopmitt 11I tu11rn 1We eaii roc-0 i de t 11 ON J)CltII iLo eal
on in thle development stages tis xsel I I) as poV ide ititt1d i ate' and
direct support to dteal with operat ional I probIS HnsIM ta1:1a. ai iso.

Other act ivit ies concerned i t th io e-SCajC~ ic h ddv alii
are inl cl ose prox imi t to llS..AltL. logietlicr t hesearett attoi
form thle U.S. Atic Av'i at iont Cente Te t ll .i

USAAR. maintains close I ia i-son WithI a\' i it ian itted Iiiino eo i
abOr-ator-ies Of other [U.S. Armed or1-Cs as we011 i1: tlose l'o:1r tl:e

civilian commflunity'. Assistance and cooperat ixe efforts i i tlt
other agencies enhtance the research efforts of' a;ill the agenici es
concerned .

USAARI. a I so ma ionta i ns clIose coord i ntit i onl is i t Ii fore i gii govirimeit tI
of NATO count r ies onl a' i at i on med ic ie ma t ters t It rolighi it in
volvem1ent with thle Adv i sore Group for Aerospace kesi'ar tit and
Developmnot (ACARD), a NATO organ i Zti iai

IJSAARL' s research is recogn i ,ed int eruiit ioaili be t yThe opera -
t ional and aeromed ical commutn it ie's. 'Ilic metn and is-oluiiil al OISAAII
take pr ide that their work is pred i catcd onl thc needs of tilei
soldier, and thtat tie atuiers and saIL tti 'its pitix i ded a'Le to ICoxant
anid tintel to te oi' pe ratiotnal ItiCod (It a O l 5l i en



Mission Statement

Participates in the preservation and enhancement of

the health, safety, combat effectiveness, and surviv-

ability of the soldier. Conducts life sciences re-

search, development, test, and evaluation in health

hazard prevention technologies and aviation medicine

concerning human tolerance, survivability, and combat

crew effectiveness related to combat vehicles, weapons

systems, and operations. Develops, maintains, and

applies minimum bases and technologies needed to es-

tablish human tolerance and exposure relationships for

fire, noise, vibration, impact, and optical hazards,

and, complementing other USAMRDC elements, physiological

and psychological stressors. Develops and validates

technologies for assessment of and protection from

these health hazards. Validates those relationships

in order to recommend exposure and health effects cri-

teria. Assembles and maintains the psychophysiologic

data base required to define operational envelopes for

crew safety and effectiveness for Army aviation, combat

vehicles, and parachuting. Develops health criteria

for associated protective and life support systems.

Conducts an active information transfer to health policy,

combat and materiel developers, test and evaluation

agencies, human factors agencies, and the aviation

medicine community.
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Introduction

The overall research effort of the U.S. Army Aeromedical Research

Laboratory has two general objectives: enhancement of individual
soldier and combat crew performance and efficiency, and prevention
of injury or death in the military operational environment.
These objectives are predicated on the assumption that the in-
dividual soldier is the most valuable resource to the Army; that
future battles will be fought with high technology weapons in
violent, sustained operations under all conditions; that the
occupation of soldierini. is inierentlv dancerous durino war hut
should not be so during peace; and that apart from disease the
most common cause of a soldier's acute and chronic incapacitation,
injury, and death is caused by the technology of war and its
weapon systems.

USAARL addresses these research objectives through identification,
investigation and solving of medical and health related problems
not only associated with aviation and airborne activities, but
also to combat land vehicles and their crews and other combat
weapons systems and environments as directed. Most of our re-
search falls within the broad areas of physiological optics; the
psychophysiologic aspects of combat crew workload and performance;
bio-mechanics of closed, direct head trauma; the psychophysiology
and physics of acoustics and communication; the clinical, ortho-
pedic and biomechanical effects of long term vibration on the
musculoskeletal system; and health hazard assessment of weapon
systems, selected aviation doctrine, and operations.

USAARL's new mission statement approved in April 1979 reflects
the continual alignment of USAARL capabilities with the Army
Scientific and Technical Objectives Guide, Army requirements,
and Medical Research and Development Command strategies and goals.
It clearly identifies the Army soldier, operator, developer,
designer, and tester as the primary user of the USAARL R611) pro-
duct. Tasking IUSAARIL to support the soldier during his training
for and the actual execution of his combat duties by improving
his tolerance and survivability to health hazards brings the
laboratory's full preventive medicine potential to bear on the
problems associated wNith war and its weapons through the 90 's.
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This report gives an overview of USAARL during FY 79, identifies
current areas of research and gives a brief description of the
research programs. The DA 1498's under which this research
work is done are in Appendix A.

This report is prepared to fulfill the requirements of O1SG
Regulation 70-31.

UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY
ORGANIZATIONAL CHART

OFFICE OF IE COMMANDER

DEPUTY COMMANDER

EXECUTIVE OFFICER

I II
OFFIE OFOFFIE ifSCIENTIFIC

CENTER I0

HUMAN TOLERANCE FITLD SARCHIICL ES EACH SYSTEMS
I SUIIVIABILITY BIOMIDICAL SIVISION REDIVISION 05
DIVISION 02 L O
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Management

The United States Army Medical Research and Development Command
in 1978 instituted some insightful and important management
changes that were destined to have far-reaching effects on
command goals, laboratory objectives, and management techniques.
Congressionally mandated programs influencing fiscal and equip-
ment accountability as well as policies related to zero-based
budgeting were felt at the bench researcher's level within
laboratories.

To meet these challenges the first major reorganization of the
laboratory began in February 1978. Reorganization into corporate,
functional and scientifically multidisciplinary' lines was com-
pleted in October 1978. A manpower survey in October 1978 with a
new TDA and complete position analysis completed in June 1979
has channeled the laboratory's resources to more effectively
execute the mission.

As new weapons systems, aircraft, armored vehicles, and individual
equipment items have been introduced into the soldier's inventory,
it has become evident that the USAARL research process is not
only applicable but vital and essential to the solution of
operational problems in other work environments besides aviation.
This is reflected in the laboratory's involvement in the advanced
combat vehicle programs, artillery systems, personal clothing
and equipment, the DA life support and personal protective equip-
ment programs, and many bi- and tni-military service technology
and information exchange panels.

Navy and Air Farce personnel are assigned to USAARL to work in
areas considered vital to the Navy and Air Force but not being
duplicated in their own laboratories.

Promulgation of standards of regulatory agencies for Army-unique
situations is based on available information, often inadequate
to support rational standards. Some health and engineering
design standards with health implications have been fielded as
DA policy, but without adequate or essential test criteria,
instrumentation technology and methodology for assessment.
Assessment technology in the area of effects on soldier per-
formance is sorely lacking.
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Current policies, criteria and standards for most of the insults
to human tolerances do not exist, or are based on exposures
expected in the industrial work place rather than in combat or .
combat training. Without a dedicated research effort to address
Army-unique problems, data bases for equally unique standards
will not be forthcoming, and the field fighting potential of
future crew-operated weapons may not be realized because of un-10
realistic regulatory constraints on design or training, or both.

The laboratory reorganization has organized our research efforts
into Programs rather than individual projects. Participation
in these programs crosses disciplines and requires the diverse
contributions of each discipline. This approach enables us to
acquire a'data base from which to assess the health hazards.
We are able to determine appropriate test criteria, instrumentation
technology and methodology for assessment.

Health and performance effects relationships and analytical
technologies are the principal products of this program approach.4
These products contribut to the assessment of risk, prevention
to insult, and rapid diagnosis.

Personnel Strength
Civilian

77 Off icer EM Perm. Temp. Co-op Total
AUTHORIZED 29 38 55 0 0 122
ACTUAL 24V 35"* 53 12 0 124

78
AUTHORIZED 30 38 66 0 0 134

ACTUAL 29' 32"* 55 5 1 129

19
AUTHORIZED 30 46 65 0 0 142

ACTUAL 29* 4O** 55 8 9 141

*Includes one Navy officer and one signal Corps officer.
-Includes one Air Force sergeant.
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Personnel Resources

USAARL has undertaken a vigorous and dynamic personnel program
with elements that have far reaching impact on-augmenting-exist-
ing resources and planning for the future.

Establishment of an undergraduate cooperative education program,
graduate fellow program, one-'bn-one scientific enlisted recruit-
ment program for the laboratory's 21 specialty categories, and
an aggressive initiative to recruit investigators have paid
handsome dividends. An increase in enlisted strength, full
utilizat-ion of co-op students, and temporary hires have helped
satisfy USAARL's historically severely decremented personnel
resources.

USAARI continued its support of upgrading the skills of assigned
personnel by having 42 persons receive training and professional
development during FY 79. In addition, twenty persons attended
classes in off-duty hours to further their career goals and
upgrade job skills. In FY 79 two enlisted persons completed re-
quirements for their bachelor degree through off-duty study.

Six military personnel are enrolled in Command and General Staff
College non-resident programs.

This past fiscal year USAARL provided an opportunity for inter-
ested personnel to increase their job skills and earn college
credit through a lunch period course in medical terminology.
This course was taught at USAARL and 21 persons attended; 8 were
from the laboratory. The lunch period course was a pioneer
effort at Fort Rucker and led to lunch period courses being
offered postwide. Two members of the laboratory are continuing
their education through those courses.

Contributions to the academic community are made by five labora-
tory personnel who hold adjunct or temporary teaching positions
at four colleges and universities within the area.

Among the laboratory's personnel there are 20 doctorate, 23
master, and 23 bachelor degrees.

During FY 79, 8 of the 20 first term personnel assigned to USAARL
have reenlisted or extended their touis of duty for a total of 11
years 4 months. There were 4 years 10 months and 56 days of ex-
tensions or reenlistments for career personnel.
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Co-op Program

A bold venture to establish an undergraduate cooperative
education program and a graduate fellow program began in earl)
FY 78. Recruitment efforts have succeeded. The first student
arrived at USAARL in December 1978.

The objective of establishing this program was to assist the
universities in developing students with practical as well as
academic knowledge in their major field of interest--which makes
the student more valuable to a potential employer; to furnish
primary investigators with able research assistants; and to
assure that there are especially trained personnel available to
fill entry-level career positions in the field of Army aero-
medical research.

We work with 16 universities to recruit students and to assure a
satisfactory working relationship for both the student and the
laboratory. During FY 79 we had a total of 17 undergraduates
and 3 postgraduate fellows contributing 8.08 man-years of time
to the laboratory's research efforts.

intern Program

The laboratory has one optical physicist intern position. The
position was filled through competitive placement at the GS-07
level in FY 79. A training program was developed which specified
both outside formal training and on-the-job training. By assist-
ing with projects going on under the vision program, the intern
will meet the on-the-job requirements and be providing productive
work to the research effort

Federal Women's Program

USAARL supports the Federal Women's Program (FWP) by appointing
a laboratory FWP manager. The USAARL FWPNI acts as the laboratory
representative to the Fort Rucker Federal Women's Program
Committee.

In addition, the USAARI. librarian, Ms. Sybil Bullock, serves as
Fort Rucker's Fed, ral Women's Program Manager. Mis. Bullock was
elected in October 1978 by the FWP Committee to fill the post of
Fort Rucker FWPM for two years. This is the first time a member
of any of the twenty tenant activities has been chosen for this
position. Twenty percent of Ms. Bullock's time is allocated to
this duty.

11
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Personnel Achievements

No. Presented

Civilian Awards

Out staind ing Performance 30

Quality Stop Increase

SuIstained Super ior Performance3

etesof Comimendtion 201

Military Awards

Mritorious Service Medal 5

Army Comnmendation Medail

DA Cert ificate of Achievemient

Letters, of Commoindat ion 2

Promotions

Officer3

UnIi istod 21

CivilianI

Special Recognition

Major Lawrenc e R . Whitehu rs t i p1ornate , Amierican 1;oa Id
of 1Pam i I PraIc tice

SP5 Pamela M. DliGenna ro IISAARI. So liii e of the Year1

Mr . John 11. llapgood Patent

13



Funding

a T

6.T Basic 6 2 Appliid 6is MGT R.in~b.,,,abl. lo1.1
ftn~acl, R ,,I A S.ppori

FUNDIKI FY 71-18-79

Contracts

Title: Spat a' I lRcso Iut ion 'Ib resho Id s Pu r ing the Cou rse of Pa i-k
Adaptttion

CoNTRACT NO): C- 7(?0 - Pt 788
CO NTRA CTOR Texais Fc b un ixe r sit v Schbool of Medi cine

Lubbock , leN as
NVI S1 I( CATO R P'erry Speros

Objective: Vbce Objectivye is to determinle the vistual capab,1iIi tv of
irc ev% ait di ffer-ent t imes dun lung recoveryv from ima~ge initensif'ier

adap l1)talt i oil.
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Title: Night Vision Performance in Detection and Identification of
Moving Targets After Glare

CONTRACT NO: C-7055-OD-7887
CONTRACTOR: Optical Sciences Group, Inc., Visual Science

Division, 24 Tiburon Street, San Rafael,
California

INVESTIGATOR: A. J. James

Objective: This research is needed to identify vision environments
which can be expected to maximize or minimize personnel perfor-
mance at night in continuous military operations. It is vital
to know the degree of impairment of detection produced in air-
craft and equipment operators exposed to environmentally relevant
levels of photostress.

Title: Inner Ear- Histology Techniques

CONTRACT NO: Q-7456-OD-7888
CONTRACTOR: Bio-Acoustics Laboratory, Syracuse Univer-

sity, Syracuse, New York
INVESTIGATOR: Roger P. Hamernik

Objective: The object of this research is to evaluate the inner
ears of 16 chinchillas for loss of sensory cells after chronic
exposure (in-house) to continuous noise.

Title: Auditory and Non-auditory Effects of Exposure to Low
Frequency Noise

CONTRACT NO: Q-9017-OD-7891
CONTRACTOR: Department of Otolaryngology, Medical

University of South Carolina, 171 Ashley
Avenue, Charleston, South Carolina

INVESTIGATOR: John H. Mills

Objective: The hearing threshold shift information derived from
this study will provide data on humans that will be obtained on
animal models exposed to the same bands of low-frequency noise.
This will enable validation of the animal model data pertaining
to the effects on hearing of exposure to the types of noise to
which aromor crewmen are exposed. Similar bands of noise are
produced at comparable intensity levels by the current generation
of armored vehicles (e.g., MICV).

15
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Title: Cochlear Microphonic Response to Lov, Frequency Noise

CONTRACT NO: C-8067-OC-7886
CONTRACTOR: University of Florida, Gainesville, Florida
INVESTIGATOR: Donald Teas

Objective: Many, military vehicles, particularly those found in
armor, produce high intensity noise which is predominatly low
frequency. The objective of this study is to explore the
mechanism of noise induced hearing loss exposure to high inten
sity, low frequency noise.

Title: Simula 11

CONTRACT NO: DABT01 -79-C -20501

CONTRACTOR: S iLtl 1a Inc .,2223 S. 48th St ree-t , Tempe,
Arizona

I N VFSTIG ATOR: Stanley P. Desjardins

Objective: Phase II in the requirement to develop crashworthy
earcups for the SPH-4 Army, aircrewman helmet.

Title: Liffects of Visibility

CONTRACT NO: DABTOl -79)-C-0312-l
CO0NTR ACTOR: Institute of Med ical Sciences, Smiithii-

Kettlewell Institutc of Visual Sciences,'
220(0 Webster St., San Francisco, California

INVFSTIGATOR: Anthony Adams
Gunilla flaegerstroin-PortnoN

Objective: Investicate spatial, temporal and retinal eccentricit\
effects oil visibility in the dark-adanted eve,

Title: Material Characteristics

CONTRACT NO: DABTOI-79-C-0045-1
CONTRACTOR: Auburn University, Auburn, Alabama
I NVEST IGATOR: Dr. Warton Jemian

Objective: Research into the opt imum characteristics, of mater ia Is
for bead protection during impact.



Title: Multiaxis Impact Experiment on Volunteers

CONTRACT NO: ARL-NIPR-2-79 (DD 448)
CONTRACTOR: USN Aerospace Medical Research Laboratory

(Mischoud Station), Pensacola, Florida
INVESTIGATOR: Dr. Channing Ewing

Objective: This Tri-Service project was undertaken to measure
kinematic response of critical anatomical parts of volunteers
undergoing impact.

Title: Mechanisms of Human Injury

CONTRACT NO: ARL-11-79 (DA 2544)
CONTRACTOR: Applied Technology Laboratory, USA Research

and Technology Laboratory, Ft. Eustis,
Virginia

INVESTIGATOR: Dr. Albert King and George Singley, 111

Objective: This work is done in support of the Tri-Service human
tolerance investigation. The objective is to determine the
mechanisms of human injury when deceleration occurs in a crash-
worthy crew seat. This subcontract is part of a Tri-Service
supported contract, Human Body Ejection Seat Dynamics, being con-
ducted at Wayne State University School of Medicine. Executive
agent for the Wayne State study is the IUSAF Aerospace Medical
Laboratory, Wright Patterson AFB, Ohio.

1..
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USAARL's New Facility

Progress

Date Of Contract 28 April 1978
Ground Breaking 2 May 1978
Construction Began 12 May 1978
Size 116,620 sq. ft.
Cost $7.5 million (final estimate)
Estimated Completion September 198()
Number of Construction
Personnel on Site 85 (aver;t2..

Laboravory Features

Anechoic Chamber Machine Fabrication Shop
Animal Surgery Optics laborator)'
Biochemistry Laboratory PhotographY G Graphic Arts
Biomedical Maintenance Shop Scientific Information Center
Drop Tower Sound Rooms
Electronics Shop Vibration Laboratory
Flight Simulators Vivarium
Hybrid Computer Center

I 9 [
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Scientific Programs

The effective management of a scientific research laboratory %,ith 4
a broad mission and limited resources requires continuous eval-
uation. New thrusts are constantly under consideration by the
laboratory and are based on input from the mission area manager,
interservice discussion, international meetings, and threat
intelligence. In FY 79 the work units were divided into eight
scientific programs which facilitate local management and demon-
strate current thrusts to others interested in our work. The
programs are scientifically multidisciplinary and managerially
cross functional organizational boundaries.

The three DA 1498's terminated during FY 79 were:

Biomedical Research in Support of Advanc ing Miliitary
Operations, program element 0.27.73.A, project number
3E162773A819, work unit 011.

Evaluative and Consultative Biomedical and lirgonoinic Suppo rt
to Systems levelopment Programs, program element 6.27.73.A,
project number 31162773A819, work unit 012.

Retinal and Extra-Retinal Factors in Visual Acquisition,
program element 6.11.0l.A, project number 3AI6ll01A91(',
work unit 293.

*Begun in FY 79 was work under D)A 1498, Combat Vehicle Crewman

(CVC) tHelmet--Impact and Acoustical Evaluation, program element
6.37.45.A, project number 1L2637471)669-32-004, work unit 05l.

'Asterisks denote contract or reimbursable projects and as
such are not reported on IA Form 1498 through DTIC Data Bank.
USAARL uses the DA Form 1498 for internal control and infor-
mation; therefore these DA Form 1498's are included in Appendix
A but without the DA Accession Number.

21
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Acoustics Program

Background: The development of propellant charges enabl ing
greater ranges for conventional artillery systems create impulse
noise levels far in excess of any nreviouslv encountered or
studied. Information available in high-intensity impulse noise
is very minimal. Civilian agencies are not involved in high-
level impulse noise research because it is a uniquely military
problem due to levels and spectral characteristics of impulses.
Armor vehicle technology hzas led to lightweight, high speed com-
bat vehicle which generate high-intensity, low-frequency noise
in crew areas. The high-intensity, low-frequency noise inter-
feres with communications and may exceed the capabilities of
hearing protective devices to provide the needed levels of atten-
uation. The loss of this capability results in crew exposure to
potentially hazardous intensity levels of low-frequency noise.
High-intensity, low -frequency noise has been recognized by USAARI.
as a potential haza-d. High speed operational requirements re-
sult in crew vibration which may synergistically interact with
low-frequency noise and impulse noise producing greater hazards
to hearing.

Objective: The acoustic program objectives are to: (1) deter-
mine the health hazards of the acoustic environment of new
generation weapon systems such as M-198, M-109, X-MNI1, X-M2.
X-M3, and IISTV(IL); (2) determine biomedical tolerance limits for
combat crew to impulse noise, steady-state low-frequency noise,
vibration, and synergistic combinations of these; and (3)
develop risk-criteria for crew protection, criteria for improved
hearing protective devices without communication impairment or
acoustic hazard, and assessment technology.

3
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Achievements: II R.\.I\ h: LS c-t l .hI 'd th -t lo,-'fO(ItnL'ec%
110 i -L' i , .' d a hi- C CtlS.,,1 1 lILa I v C' 11 k Q. l,.e 110 S C 1e0X I
1 1"011111 l1 L'e1 n It ' t at o)iC l t i 1 I L I ta\ C haI k) been ' aill;?il i t'd

.\ haS .I IC a I1i ' I I -c .I 0 ', V l i l 1 1 11l
1
1.) 1 S L t j halo ItcI; ii ii t j at t'd

X Ci i i 1'0 h o lls id S 'J d o s s i l$ ' % 'I. cl'\; I lta t cd lld tea o iS i YIit

Stud i C S 0f v Six i C a I ocar aIt t Oma t il t t Ii'k C dC c tlloltl ted .

Projects: Nt- .ca iCh Ct'tCt 't , collt i 111t t 0 A icti Al:llt c dt it 1% i it Ih
$I i ttl'II 11.1" i I i. 1Im d i' I i L It I : l: IjtC I I' s' il , I t c - L Io is

I;iit C 1 It Li it C 11 0tl ti Ci: d l t a t ilt\ r t, (li l k l
I I S t' il l I I I I I II I i0i I I' I I 1 it il l- lia . i l F CC

Oll t i c i c 1e 11 1 1 , kh tl ' I ,i'" o d dIi o ici ll ama t'
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Visual Physiology and
Psychophysics Program

Background: The humn visual svystem is one of the primary means
h% which in formation is acquired in the miliitarv operati onal el-
vi ronment. An efficient transfer of information to the human
visual system of the equipment operator is vital in a mechanized
society. Information concerning the capabilities and liimitations
of the human visual system and the impact on visual performance
of military operations, environment, and equ i)ment is required
to ensure that information is efficiently transferred.

Objective: The visual physiology and psychophysics program
goals are to: (1) develop a data hase of Iltiinance, contrast,
and mot ion parame ters affect irg human spatial visual capabhi 1 it y
in order to optimize compatibility between the visual system and
military information display systems; (2) evaluate different
types of transparencies with respect to their physical standards
and their effect upon operator perforiiiance so as to establish a
data base which will eventually lead to more efficient ways of
specifying the visual quality of transparencies; (3) evaluate the
incompatibility of refractive error correction by spectacles with
visual displays, protective helmets, and protective mnasks;
(4) develop a neurophysiological data base to advise tile mititarv
on the visual impact of operational environments; and (5) deter-
mine if red light or white light is s:iperior at the low luriiinance
levels required in the cockpits of Army aircraft.

Achievements: lDvnami c vision measurements were est ab Ii shed
as a valid tool in the stud' of pilot fatigue. A fast transient
response to flashing lights was defined and quantified. Through
contrast transfer funct ions , the best phosphor to he used in a
heI met mounted disp1ia" was visually defined. Development Of
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biotechnology for night vision goggle (NVG) daytime training
filters for the night vision goggles has materially assisted
in student training in the use of NVGs. The optical and visual
evaluation of a protective mask (XNI-29) CBR determined inade-
quacies that made it unsuitable for Army aviation use. Design
technology for combat spectacles has increa.sed spectacle compa-
tibility with some military equipment, produced a more adequate
field spectacle, and assures better eye protection.

Projects: A series of studies to quantify the interactions of
electro-optical display parameters and the uman visual system
are being conducted to obtain meaningful aid realistic user
display performance measures. In concert with other groups, we
are working to develop relevant electro-optical display image
assessment techniques. Work is in progress to measure and speci-
fy both the temporal and spatial characteristics of imaging infor-
mation systems. A study of spatio-temporal factors in dark ad-
aptation and a study of luminance, contrast and motion factors
in visual resolution are in progress.

DD 1498s: The lDD 1498s tinder which the work for this program
is carried oil are: (See p. 60-62.)

Research of Electro-Optical Systems and the Human Visual
System; program element 6.27.73A, project number 31:102773A810,
work unit number 003.

Visual and Optical Evaluation of Nonmedical Material
program element o.27.73.A, project number 31:762773A819,
work unit number 004.

Research of Visual Problems Medically Significant to the
Army; program element (0.11.02.A, project number 3161(,1102 BS07,
work unit number 028, and program element 6.27.73.A, project
number 31:162773AS19, work unit number 002.
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Sustained Aviation Operations,
Crew Workload, and Stress Program

Background: The Army requirement for around-the-clock perform-
ance capability requires that commanders have the capability to
make objective judgments regarding levels of aircrew fatigue
during sustained operations. Army aviators are training to fly
helicopters at or below treetop levels day and night to avoid
enemy anti-aircraft threats. These are relatively new and ex-
tremely stressful tactics. There is a recurring interest in
self-deployability of aviation assets from CONUS overseas to
combat zones. Such long and dangerous flights raise many unan-
swered aeromedical questions. Night vision sensors and target
acquisition systems have been developed to extend man's visual
capabilities far out into the night. Millions of dollars are
programmed for developmental and procurement systems whose com-
plex design may overtax pilot workload, stress, fatigue and
safety levels. Aeromedical data is required to define psycho-
logical and physiological capabilities and limits of soldier
tolerance to operational stressors, military hardware, advanced
tactics, and progressive military operations.

Objective: Objectives of the program include research on the
topics of (1) aviation crew fatigue and work/rest schedules in
sustained operations, (2) aeromedical aspects of self-deploy-
ability of aviation equipment and crews to combat zones overseas,
(3) operational stress, safety and performance in helicopter
terrain flight in both day and night operations, and (4) psycho-
motor, oculomotor and psychophysiological assessment of' pilot
workload and stress associated with the use of adVance d militarv
hardware systems (e.g., night vision goggles (NVG;), pilot night
vision systems (PNVS), target acquisition designation systems
(TADS), and the integrated helmet and display sightinV system
(IHADSS)) being developed for the Army Advanced Attack Helicopter.

Achievements. In August 1929, 1ISAARI, personnel participated
in the self-deployment of helicopters to lurope uithout aerial
refueling. A flight surgeon-researcher accompanied the crews on
the mission, while a psychologist-data collector worked ith the
crews at intermediate stops along the route.

31
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B ioined 1 cal I1 im its and lumanl pe r Inrialice dat a , mo1de I s, etc. have
been input d irectlIy into deve 1 opmenta I des i gns onl hardware svs -
C emsl. Thllis; i S espec ial]I trueli f'or iii gh11t X.i siOnl go tggles and fo0r
sen sor, i ghit inlg , t ra ck i n1 t anld disp s 1 Y s temis he in1g dlevelIoped
for thle Advanced Attack lIcl icopter.

Since 1972 IISAARI. has been conductinug an ongo i u seiies of in -
flight and flight ,~ iiato xeint adrearcpoj cc s
designed to meaCsulre psy;\chomtor. pIivXSi joLop ia, ocu 1 omotor aind]
commiunicatihe p ilot i~ork loadLsasc ASS a ted I 1tl daJy/ni gult 101 oil It i

tude flight.

IISAARI. paved thle wa . i n iii5t rumen tat ior and met hodolo0gy for thle
study' of complex atiation missions,. Res;earllcfC effots success -
fully demonstrated i nfl i glt that the integrat ion of digiial inl
format ion into nlighit Vi sion goggles can Sigli ficanlt l redICCuce
pilot workload an1d st ress for nap-of-the -earllth fli icht

Projects: RedcLIt ionl anid analyvsis of data from fieIl researchl
into extended helicopter operaitions is being completed. As -'COudk
exper iMent inuto extenlded he I i copter1 Olierat ions., being performed
in a hiel icopter sin I ato r, i s ideiav Nos, under rev i ci, are tilie

experiences, and data COI C~t('d dt111irl ing part ic ipat ion in the self-
deplIoymnent of hel1i copters to I u rope. Rep (. inig is a quaiit itat ive
stuldy of copilot i~o rkload inl na i ga t iig ait nap-of -the -cart h
fl igIlt levels Iit i dopp I i. nay1i gal iol s;ystem and projected map
di spl ay in supporit oi 1 I'M AAHI. Work ceii t HI itis into thle psycho -
niotor, ocilomotor , and psychophys io log icalI assessment of aviator
visual %work load.

DD 1498s: II lIe i) I -'1S underY t\1I ih the t,ollk for' til-; gmi
s c -i d oil are i-c e p). 03-0i-.

Research Direc ted at Iti omed ical Pa raietcens .\ff-cti iig \ i ic ew
Work]load Duin g Sn s ta inied Opeia t i iS ; plroglram cel-en i
0i.27 .73.A, project iiimber 31 I 2 81' o rk in it 1 iiih c I- )

s ka I PC r f'Or,11a iic c R c e a I.c Ii Rec I alt ed t o The 1i; t i olla I I' rob I enis
inA 1rm1N AV i a'lt i Onl.Pr priam C I emeiit (I . 7. 3. A , prOJ cc t 1h iitbr

31 16(2 7 1.8 0 , wo rk til i t nijinb1e i, 1) 1 I

Ac 1r011ed i c al ese re Ii of iOpc ia t i ona~ I I v sig f al cat P iof, I enils
n 1 t lie Army Av i at i on I.Ai- i ionmen t p l)1og I-am c I cel t o . -2 3 A A

1)o cct nunibe r 31A 162 7-3A8 1 1, %o i-k tili it iiuinhe 1 1u.

* Development of Measurement tee in i quc s for the Med ical
Assessment of Visual]ly Coupled System ( VI1 ) Co mop1n n IIc1 t s
program element 0.4..0.A, project number 41I4o42'011423;
work unit number 048, and program element (.l l A
project number 3.31611 hAP IC, work unit nuitier 288.

*Aiao WorklIoad/ Per formance Assessment inl Support of thle
Advanced Attack llelicoLter; program element (.4.0.A,
project number 41-464201 1425, work unit number 04).

*(See page 21.) 3
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Impact Physiology in Support of
Crashworthiness and Personal
Armor Development Program

Background: Because they lacked adequate impact protection,
4 39 Armv flyvers d ied and 2,663 were inIJured inl p)otent i a II
survivab-le 'aircraft accidents. These deaths and injuies

Occurred wit hin a 2 year period, 19607-1969. Tis equated to an
approximately 2S million dollars loss annual ly in personinel r--

placement costs. Today's inj ur)' s:tudies indicate that impp i i -

mately one of three fatalit ics is_ due1( to head and110 oIII nekIn-4

n ry . Skull fractunre tolecrance is Known fairl Iv elI on thli

has is of cadaver and animal resea rch, but resen rch oni the me> a
nisnis o f head inj ury ( i nc ld iI nge oncus - i on i i c i )ml i apac 1

pariietotetipora I impacts , aInd fac ial imilpac t iS st i I I nee.ded .

FaSter gFoutId and fi I ight eChicle cI at CS C cr711e sel'ere inpac t

ce i ronnlienit for the fut ure . Whole hl )V toleran1ce to forWa1' lil

and vertical impact force was etlsedgrossi ' in the I 950s;
however, the tolerance to impnact s from other direct ions is still

large ly unknown. the0 iii Italv\ communi ty has expre sed a need
to know the tote raneeIC of thl', bode to com1bi med d'wnwarI Ill, forward,

and s ideward impacts.

Personal body a rmtor Capabl e of defeatinig 10-5 Imill a rmor -p1 rc ing

projectiles in the 2SttO-39t10 ft/S'c ranI1ge is aeai lIahi, hut
the rear surface signature effect of such armor onl variouis a reas

of the body is largely Nk jnown. RNesearch to determine the potec'n
ti ml for injury of such arm11or is needed.

Objective: Tlhe Q f feet S o f imp11ac 7t Onl the 1)ro0teLC te sold 1 icr I
when hie i s expose d t o prIoj icc t iIC es, ae ci denlts , anI,]d di-i rin nor11m I

operat ions arc not flly\ known. The impact pli~ sioelogv programl

goals are to: ( I) develop1 multi -ax is utICune SI ioses,, threshlold

criteria due to helmneted head impact ; (2) deVelop) skliil :Mad/or-
cervical spine frac ture 1 imi ts for crown anid temporal helif meted

head impacts; (31 develop facial fracture l imit s to impa1ct 1,11011

protectedl by night visionticgoggles, face shields, oxyee msh

etc.; (4) develop Seated %,hole hody (inertial) impact toleranice
to :-ax is load ing comb ined with X - and YI- axis loading: S lie-
velop seated whole hod ' v finertial) im'pact toleranlce to 'i ax is

(side) loading; and ((6) deveQlop the I i'llits Oft plIes L sure ad tillc

on the torso due to rear-silt face signatulre (s of Ihode\ a rant0

struck hy projectiles.

A



I.

w

I

/



Achievemente: A crashworthy troop seat concept for the
Blackhawk was developed that incorporated human tolerance and
orthopedic design criteria. Most of these concepts were incor-
porated into the present Blackhawk seat. Bioengineering cri-
teria for a stronger SPH-4 chin strap was developed and given to
the helmet developers. Bioengineering criteria for a "crushable"
earcup are being developed. SPI-4 helmet test and future flight
helmet bioengineering design and test criteria are now being
written. Bioengineering design criteria for the Integrated Helmet
and Display Sight Systems (IHADSS) was provided to the Advanced
Attack Helicopter (AAH) program manager in the planning stages.
Analysis of impact damaged equipment through laboratory duplica-
tion of the impact force to the equipment was begun under this
program. The procurement of substandard material was prevented
through material evaluation.

Proiects: A protective uniform for combat vehicle crewmen
currently being developed by NARADCOM will include a new helmet.
NARADCOM will formulate the design requirements and criteria;
however,'USAARL will determine the levels of acoustic and
impact protection required. Additionally, a test method will
be developed to validate the helmet 's performance. There will be
three types of research into body tolerance of impact force:
whole body impact, impact to head mnd neck, and impact effects
of defeated projectiles.

DO 1498s: The DD 1498 under which the work for this program is
carried on is: (See p. 68).

Research of Bioengineering Problems Medically Significant
To Army Aviation; program element 6.27..3.A, project number
3E162773A819, work unit number 015.
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Health Hazard Assessment Program

Background: IILeal I th l:i-;IId ;IssSm cnSIIt Of th ax ' iaZt ionl
andl kComIIba lt c C cwii IhcL r Ciixv i 1roILmen t has hOCcn inl CX i St cIcc fOr' somIc
t ime . I lowcx r , tie o p Cra;t oila I prohbIcmIls , tcIf i qncIvS , aid t 1[I, nt
aIreas conit iilous I v ciiaizc C lcn cnze in p iaI 1 jC1 t i MIA I kiOC

traine andlk tact ic; Coup led w it 11 11 ore sopl i S t i Ca lt ce d cIlkomlp I (cx
equipmlenit havc p1 accd aIddi t ionai ISt ress onl comlbalt xchiil ci rci, -
Il 0mil r)CI--s Miss ions i-equ il cfli giht aIt low 1C'' ;cx1i and nap- ofI- t lit -

mnd 11 i gh11t , an ld o ft ell a t i i1C rcascd a Oi IIt i t ldc anl 1d alt ospl0 S )1iCFi C Ci Ix -V

It ios 01S 1irca t IMat ion ar 1apa S1 C;I c) o)1C0f and arc kiZIC L.\)c t cdl t o 11 sc
nucit I CaZir, hi ol 1og i Cal anmd c hcml i C a I WOOapOI1S. Ma; sIll i I it I to 0 Cf C c
t ixcx pCI\ )C I- -lm lk an sirxI i VC e1 ndc I- t iics add 1Ll1 i !i Ona; I S t icL Sso S 1
I i llii tcd and mus1"t he MngmlcnItcdk . Ax i ait o rs i IIxO ItcdL ill a1 i rcra YJt
'ICC i dcii1 t S c.Xp I)CI i 0ncc anL Jiiiacp ai0 f niih r 0F a l ilad taIt af

in tar111 i Cs Tlc los o 0 0f Cxp X )CIi Cnc axCCLl i alt os Is SISCost lI anitd rcdnccS
comlbaIt efcFcct ix-cncss. Thic licalt I tii a za d a Sss smit 111'o gra lIs
nccsszir to id cnt i f\' , cx-al i na t C , 11dC I i Illii nat C t 110 hic CiIt 11IM; -d S
i Iiposc -,kiil t oday' S comhai t ellnx i roimi i t

Objective: 'Ilc heaI It 1IM ha1 Ia'd as SmSSSIcnt 1pr1ogra 1'is p11nncd
to 0 ( I )cnfliiicc t lic' atV i a[t ionl and I! r'Onid tcOlliha t xCii i C I C c -01ciIIwc r'S
-11 i I i t v to 0Silrx. it- andjk opcra:.t C C f fc t i x I v t 1 ionlih aS scs sil t and
al Ic ia; t io Oil0f hc03 th1 MZ' hazads an1d 1phys-;iolo g i cal S t 'cs S impIosedI h\Y
t l10 op)01a t i 011, I 011x i momeInIt ()dCxC lo1) h)i omIcd i Ca I and 1ly 0
Iog i Cal in1S t r-11Imet aIt i Oil and i11ca SLI-cIiicn11t t CCl1i1i i(11C S to a 1 1 OWx
,Icsiin S(I f the hlealltli haza: rds alssoc atcd %kithi Strmesses ot
no0i SeC, V i snM I i-CStict ioils., t Ie I'lii I cIiI 'OIIIiiciit s, Ilt itide , alt
MOIiis)II0 I-ic Ccond it i Oii S , aMid t lie' 1)i ophyis i C S anid hi o1m(Ccii uil c CS int o I X.
Cd ill Veli iCI Ci II c I-gncICV opelat iiS;( 3) 1)1 lV t 11LeS C mIC; ifireniiit
tC 1 t itle S to0 eva Itmite vefFect i tenless of t lie I i Fe Suipport prmot cc,
It it- C l eii i pIiiienlt an ld St-St emsl an Z d (41) (ICt cnn1 in11C mCd i ca;l I lica I t 11 i-C
q~ 11 i liicnt '; f 0r C- 1stal 1 i s lmeii1t oi f oliemrat i ona1; I ret C01I at i oil S s It andI, -
a rds and de s ign cri terI-ia.i
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Achievements: USAARL was instrumental in replacing the
APII-5 helmet with the much improved SPH-4, and today we are re-
vising the SPH-4 specifications based on data extracted from the
crash injury epidemiology program. LISAARL conducted health
hazard assessment studies of the UTTAS, the XMI-29 mask, and
the personnel armor system for grpund troops (PASGT) helmet.
Consultations on improvements in life support equipment are
conducted with the user community on a continuous basis.

Proiects: Biomedical evaluation of health hazards and injury
mechanisms involved in Army aviation accidents and studies of
impact/injury will be continued. The biomedical effectiveness
of the present protective nuclear, biological and chcmical sys-
tems is being evaluated. Studies in the biomedical a-pects of
enriched oxygen generation systems and their effectiveness in the
elimination of immediate operational health hazards continue.
Assessment and validation of the effectiveness of design criteria
for the next generation of ground combat vehicle crewmen life
support protective equipment in order to establish noise and im-
pact criteria to protect against such health hazards are underway.
Toxicological assessment of combat vehicle and combat weapons
environments will continue in an effort to reduce overall health
hazards.

DD 1498s: The D)D 1498s under which the work for this program is
carried on are: (See p. 69-72.)

Direct Field Support to Immediate Arm) Aeromedical and
Ground Vehicle Problems; program element 6.27.73.A,
project number 31:162773A819, work unit number 005.

Life Support Equipment Retrieval Program; program element
6.27.73.A, project number 3E162773A819, work unit number 013.

Research Countermeasures for Significant Medical Hazards in
Military Systems; program element 6.27.73.A, project number
3E162773A819, work unit number 014.

Biomedical Application and Health Hazard Assessment of
Oxygen Enrichment Breathing Systems; program element
6.27.73.A, project number 31i62773A819, work unit number 047.
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Medical Aspects of Crew Selection Program

Background: USAARIL has been intimately involved with both the
developmental changes and tile applications of physical standards-
particularly for Army aviators--for many' years. Numerous re-
search projects have been conducted to provide a data base lead-
ing to possible modification or clarification of existing regu
lations. In response to requests from outside agencies (the
Army, Aeromedical Activity in particular) personnel of this lab-
oratory have conducted consultations involving the application
of physical standards. These consultations included vision,
cardiovascular, auditory, pulmonary, psychological, anthropo-
metric and vestibular problems. Al though these consult at ions
were performed informally, a formal request for assistance wa'
received by the Office of 'The Surgeon (eneral in Septemher 197"
from the Vice Chief of Staff, DA, through B, C. Ca-iedv, Acting
Iirector of Requirements and Army Aviation Officer', and BG R.
Sweet, leputy D irector of Mil itar' Personnel Manapgement. 'I le
purpose of their request was to determine th minimum, definahl,
measurable requirements that must he possessed hy ani applicant
to pilot and employ Army aircraft. Coordinated iy the Army Re-
search Institute at Fort Rucker, this effort was planned isith
the Assistance of IJSAARI, personnel as directed by AMRIC. The
research plan, consisting of methods, required funding, and man-
power, was presented to appropriate DA staff. UISAARI. continues
to work on certain aspects of this problem area.

Objective: The objective of this program is to determine
biomedical criteria for selection, retention and physical stan-
dards for military personnel which are relevant to the opera-
tional requirements of the Army's mission. Specific goals are
to: (1) determine validity of selected visual standards as
applied to Army aviators and other aircrew personnel in the
operational environment; (2) analyze the anthropometric differ-
ences of the male and female per forma nce i n the av i at ion 'env i ron -
ment; (3) better define the relationship and necessity' for stan-
dard audiometric testing and auditory' perception of voice comau-
nication; and (4) develop psychiomotor/psycho logical tests appli-
cable to crew selection and retention.

13
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Achievements Research concerning crew selection and reten-
tion and physical standards has been done under various 1498's
in the past. The study of the role of vibration on long term
pathology of the bony end joints, vision consultations, and
studies on monocular vision in aviators are examples or work done
Under associated 1498's that apply to this program. This is a
new program that will focuIs these &a rious segments of work toward
the overall problem of physical requirements for crew selection
and retent ion.

Projects: A critical review of current vision standards so
data will be available to update standards is in progress. A
contract research effort is in progress to assemble sufficient
clinical data so current heterophoria ;tandards can be validated.
A protocol Will be written concerning the after-effects of high
brightness levels to dark adaptaltion.

DD 1498s: The DlD 1498 under which the work for this program is
carried on is: (See p. 73.)

Aviation Medicine Research for Aircrew Selection, Retention,
andi Physical 11eCfo,01,1111ce Standar'ds; program element 1).27.73.A,

p1.ject numlber 7I.1 n773A819, work unit number 007.
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Biomedical Aspects of Vibration Program

Iwackground: Changes in doctrine and advances in equipment tech-
nology have modified the role of vibration from that of a nuisance
to that of a real operational hazard. Low mass advanced tracked
vehicles operating at higher speeds expose restrained crews in
unusual seating positions t6 direct coupled vibration. The re-
sultant effects on the visual, auditory, vestibular and neuro-
muscular funct-ion are not fully known inasmuch as the exposure
factors aie unique to emerging military weapon systems. A crew-
man must now operate in a severe vibration environment, experience
prolonged continuous exposure, and still perform with greater
accuracy, efficiency, and dexterity than ever before.

The vibration program was initiated in response to a need for pre-
venting vibration related musculoskeletal disorders in Army
aviators. Since then its scope has been expanded to include the
prevention of all vibration related disease and human ineffective-
ness cauged by Army materiel. The requirements for this mission
are established in AR 10-5, para 2-35-a7, and AR 602-1, para SC,
as well as in the DOD Scientific and Technical Objectives and Goals
Document.

Objective: Vibration affects the body in two hazard areas:
health and effectiveness. The general goals of the vibration
program are to define these effects and determine a means to
alleviate detrimental influences of vibration exposure. Speci-
fic goals are to: (1) define the effect of vibration on the
neuromuscular control system; (2) determine the role of vibration
in producing trauma in joints and bone; (3) determine the effect
of vibration on visual acuity and trauma to the eye; (4) determine
the effect of vibration in producing hearing loss; (5) recommend
standards which limit vibration exposure to non-hazardous levels.

47
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Achievements: The contribution of vibration to human track-
ing error in visually coupled systems (VCJS) was defined and a
data base for modeling the human aspects of ICS was developed.
A technique for measuring muscle stress in tile vibration environ-
ment was developed. The muscle stress induced by helmets of the
Personnel Armor System for Ground Troops (P.ASGT) was eva lua ted in
the vibration environment. A technique for quantifying vibration
induced muscle synchronization was developed. Specimens of vi-
bration exposed joint material from miniature swine were prepared
for analysis and arthritic human tissue was obtained for compari-
son. An assessment program for the vibration hazards (visual,
auditory, muscular, endocrine) associated with supine seats in
tracked vehicles was developed under contract from the lank and
Automotive Rf&D Command.

Projects: The problem of backache must be inv'estigated as an
additional stress and fatigue problem and incorporated into the
findings of other researchers who are working on aviator stress
and fatigue factors and crew work/rest guidelines. We must
develop a standardized technique for analyzing the effects of
muscle stressors, both dynamic and static. This will include the
determination of muscle stress induced by diverse items of
military equipment. The magnitude and characteristics of the
health hazards to the crewmember of the supine or prone seating
position in the modern combat vehicle must he determined.

DD 1498s: The DI) 1498 under wiich the work for this program is
carried on is: (See p. 74.)

*Ifealth Hazard Assessment and Implications of Whole-Bodv
Vibration Associated with Advanced Combat \chicle Iechnoloijes;
program element 0.2,.01, project num1ber 11.1 201:l.\1191, and
program element 0.27.73.A, 3LI6275.\81I , ork unit n1kullber 040.

*(See page 21.)
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Thermal Analysis Program

Background: Military pilots, aircrew members, and passeng :rs
are subjected to the threat of fire during "hot" refueling, in-
flight accidents, and postcrash roquences. Many approaches may
be taken to protect people under such circumstances and include
elimination of the fire threat, more efficient means of fire
fighting and rescue, and provision for a thermally-protected micro-
environment for the crew through the use of theral prctective
cloth ing.

Biomedical support and input to the en 'ineering solutions nec-
essary for fire prevention involve epidemiologic studies on the
morbidity and mortality of thermal injuries in survivable acci-
dents, cost and operational effective analyses of these injuries
and fatalities, and recommendations that influence the extent and
severity of a fuel system modification and the extend of retro-
fit. The minimization of hurns through the provi.ion of thermal
protective clothing requires more than a ph'ysical evaluation of
the candidate fabrics; it also requires an as. v of the biologic
response of skin to a typical posttiash flre heat flux and time
exposure both unprotected and protectcd Lv candidate materials.

USAARL's epidemiologic contributions to the implementation of the
helicopter crashworthy fuel yseen into the entire helicopter
fleet are well established. Army Safety Center data and recent
USAARI. reports have shown tnat the helicol-ter crashworthy fuel
system has essentially eliminated postcrash fires in helicopters
along with thermal morbidity and mortality.

Biomedical assay of candidate thermal protective fabrics is a
necessity. Gaining or losing as little as one second of pro-
tection time because of the manipulation of the thickness, weave,
or composition of a fabric can have a devastating effect on human
tolerance and survivability. Assay of fabrics through purely
physical means in the laboratory or on nanikins in a fi~e pit
without the use of sensors calibrated to human sk.in response will
not give biologic information that is useful for decision making.
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Thus , thle thermial anal ys is programi hegan in 1970 as; a long -range,
comiprehensive, and aggressive eva1lat ion Of thle enlt ire Corre ia-A
tion between helicopter postcrash fire, miorbid itv , mortality,
and the developmient of" contributory or' suppor-t iV prevent ive
technologies.

Objective: 11ie current obJective is to establish a correla-
t ion hetween the thermal cheical paramct ers measureCd bphVs
cal sensors and the damiage to ana 100 animl t i ssue whe n both
ohys;ical sensors and animial t issue are exposed to idonlt ical
thermial loads. Extrapolation of the analog aim~al ,kinl miechanics
to hum1nani skin is being done maithemiatical ly and correlated i tlh
cilin ical data. E~mpi rical and analy\t ical imatborlat ical mlode is
are sought wh iclh accurate ly and off i cion tly pred i ct thle dog roe
of' thermal in) u r reosul ting froml t hernial enlergy traisli Itt od
throughJ protective clothing or eiianat ing fromi flamiwiab i. c lothIiing.4
The models mutst pired ict the entire continuum Of cl liiical barns

and he alble to accept thermial loads fromi minor to iihas boonl
establ i shed as dLie Worst C red ; IIC skirv ivalil 0 ow': I roniuliit

Achievements: (omyl) lot J dose r I )t i oa o f t li h II1iCOI coter p OSt -
cras~h fire iincluiding chiciiiica 1, tliertiial , and phyNsical dyniamlics,
rescuec and escape timies. DPeinons t rait ioil of the inlefficieicv of
adVanIced fil( icsuppress iol anI C~ali~ reOscue tei inl reduIcing
fforliiditv and el iminatn di ort al ity. DeveClopmenclt of a repro-
dIue )Ii1 pore incO i iassaV mIci hod for tiidv l hg thermial i omochiaili s
(if, skinl and ova liiat ionl of therfi.il pirotective cl o t ]i ing . Use of
the bioassay tOChi i(ILI to oVal na;tO VaiOW l osiiiiio uni an1d winter
uiilerhoa r combI i naZIt ion1s. Bt i Oa S~i 0 f MIMItoOlS product iOnf and ox -

pe r i mental fab )r iC S anld po 1 Vmeu0 I' . iCt 0 1-1i i na~lt io Oil0f WOUiid boa I i ng
Characteri sties influenlcedb li\ I ibii dyc off-yras ilq prodiic t s
Lstabli shimeiit of a Vast staiidatdi od porc inc skin thermal:1 injured
data base. Evalii in, Ca Ii at ion, and currlit ion 0l at large
variety of plies ical thleriia I soior - to tho biologic dat a base.
Creatijolt of a numiber of anal vt ical and emlpirical mlath mlode is to
repilace the bioas~;av teCbnIitIU(.

Projects: :irreont proj o (ct efforts inlvolve pIIhi I icat fell of 1work
CoilIl p1 e ted . S ig I i C i canI t C flo 1t S a1re' be I IiL X I) gIndod to 10 ILf ine L'AnI)d
tune the mlost 1iioilii lg pmatlIem11t ical moIdel Whic Iou lis I bonSho01,n
to he able to piredilet aicuratelyv tile cliiiicalI resumoii, c of skiii
froii eryt hmela thbrouighi bl istei i g to chairing whl C'ox iikl to a
variety of tlierTia I i ipi its



Appendix A

Research and Technology Work Unit Summaries (DO 14 98's) for FY 79



IAQRSCY ACCCSING 19O 0*1 A. AAR NaO CONTROL YONWL

RESEARC AND TECHNOLOGY WWK UNIT SUMARY 01) [)Hf.1bASRl0O

I&DAV6EUR gSAWV U KINNEY SAY U SUMMA*Y SC' WO-SS CURS"Y 1ESAN .10 OS'w "tC US C OF 136.0 A

78 10 01 .Can 'e U U NA NI q vI 0.0
In. "aS'O.,C1o: PROGRAM ELEMENTI PROJECT HUNGER -AS. ARE. U.IN ON .. INUSE

I I 0 2. A 3E 16 1 02BS07 0
b. CONMIN I

I. TITUS (~ _ .. z._I, ~s~f CSSE'l

(U) Military Acoustic Hazards: Mechanismis of IN-rig Loss-
SUCSiMYIIC"ANOICSUOLOAICALARA 000200 Acoustics: 012,1(10 PesrolSelec'tiol andINaouiol

(medical); 007900 Industrial (oc-cu ational) Med iciinc
IS SAR VATSIK AOLIOF .AT ; .. NEIN. A .ENCY RN PEUF*SNCE M97N00

76 A0 C.AIn Hows

S K.00 SANAD: I. CUMA. AMT. 80 '1q 212
0. USNSS 000 OANANISATINN EFNNN OGN S.O

Nin ! S Army .'Xromed ical Research Lab (IE S Armoy Aeroled ical I W ecal( IL I

.onw Ft. Rucker, AL 36,302 AE.N. R tIck r. Al, 30 302

PR*SSCIALIVEII (-.. ITN* IAN 1 I

UESEONSS*AFI ISS1NA Bur~idick, (h;,il,. . Cl' I M\SC, P.
SSGKnapp, Stanley ,C. .c~lr.. cPr I-1... (205) 25 .1048

tui...o (205) 2 35-5107 SOCIAL SECUREITY ACCOUkN MA

suslatterson a lnIII- I.II
Foreign Intelligence Conside red :A:.: Mozo . Ben 'I.

(U.VNGG(PEc..SSAS cSSNSSYCJ(U)Acoustics (U) Personl- Seiscciloll andl~ Ml;IItllll,1e

(medical); MU Industrial (Occ upatiotnal ) nledic itc: (L) Aicca I: L (:0011 \ona Vuh ic
1S. VECNNICAL N*JOCIVE.0 24 APPNNACH. It PRRSS (IEIII ._ FNpvA . A R, lCA .~l.S 5,l I..SE1 C

23. (W) lIo establishl valid damage- risk criter'ia to i? r i ~l , -a-, I In-o li op jo' too

tion of Armay person(nl exposed Ito cIontinuous lli(5(

24. Wi) B~ehavior al, histological. and vicktroplil, sioklg 1 :l pro((II ;ir, v,1 III',
animal models anld audionmetric and lpsyclhIlplysicall 1 1ro(lclulI all' u.-II wIth IIIII 0lI1 1 It

2i. (W) 78 10-7909. Effort hias conltlnucd( to identity, and1 qo(I ll\ till ItI, of)1 Iwarilg 0)

exposure tol high-intensity , lowv-frequl'ncy noise. ilisftlovi)2ll c\'alationl of thec coclillal
of chinchillas exposed to low-frequency noise, tentlltlvl-y indlicate., that thil)((hiiOSIIIo
injury may differ somewhat fvrm that tfoundI w, ti high tlIIqlll'icy nol0-., . IIIat I,, 0)211
freqluency noise produices csions it) the sc'0sory (Ills I 91 4o 1",(1111.. N111 1111 I- it
any, lesions have been found1( in colch Ical. exhposed to, lowk II ~oI( ....... 1. A 1211m oiI
chinchillas was exposedh to Oictave- band( n11151 cI-litll-Iat II 1A) kh tI / I a\ s k IthI.I
tially the same hearinlg loss5(-. found in aI hpl'IvioijlS SIli', . 'I lws. allillil: %,,ill mi1l1I go

analysis (If the (lIt 1 )Llt (If the 8th ri111W by ma~kin~g r, t(lh~~i~I).t(I 11Irdng Won125111
single. units (of ftu nerve tol d-ermne chanpos ill CI)L 131-l- 11111L Iio,1, ;-. d 11101( tloll ot
the noise eXpISt~re . Groups (If chilnchilla.,svr also -xpos (~~I t III, ItIX' band( 111115

centered at 6 3lIz at 130 d[F3 and octave- hand notise c entf-il it 125 Hiz it I It) lilt. Bo1th
expo~sures produiced maximum hearing losses in) flte 2.1) 2.8 kliz Ilg!iwil . l-pl( omp1) that
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23. (U) This research assesses the sound -at ten uat in g characteristics of hearing protective
devices as to their suitability to meet the needs of the Army and develops new hearing pro-
tective devices and methods for evaluating them.

24. (U) Methods utilized for the determination of the sound attenuation characteristics of
hearing protective devices will be ANSI Z22 .24- 1957 and ASA STD 1- 1975. Objective electro-
acoustic methods will also be used.

25. (U) 7810- 7909. ASA STD) 1- 1975 real ear attenuation characteri stics of hearing protec-
tive devices standard method was implemented. All the requirements of the standard have
been met, and the measurement of the real car attenuation characteristics, of the hearing lpro-
tective devices using this method will begin in FY 80. The evaluation of the real ear atten-
uation characteristics of SlPH-4 manufactured by two companies was comp~leted. Nine hearing
protective devices identified in thle Qualified Products List of products we~re evaluated and
qualified under Mlil Spec MIL-P-38268. LSAARL Report No. 79- 10 was published. Thle eval-
uation of the Bilsom Prop-O-Plitst was completed. tTSAARL Report No. IISAARII 1,1-79- 10-2-5
was completed. Reports are presently in progress on the comparison of real ear attenuation
characteristics of the E-A-R earplug and the IDeci-lDamp earplug, and the training effect on
the attenuation of the E-A-R earplug. A method of measuring the sound aittenuation character-
istics of circumaural hearing proitectors by physical method is presently in deveIlopment.
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21. (U) Develop a CVC Helmet which provides acoustic and impact protection and high
quality voice communication without hearing damage.

24. (') The approach is to: (1) measure Impulse noise of combat vehicles, (2) es-
tablish sound attenuation requirements for adequate protection in C( environment, (3)
establish electro-acoustic characteristics for equipment to assure compliance with hear-
ing ctnservation requirements, (4) investigate ear seal configuration for maximum sound
attenuation, (5) evaluate impact hazards in combat veh icies and specV'ify design criteria,
(6) determine need and design of a suspension and retention system, and, (7) determine
qualification test procedures.

25. ([') 7811-7909. Progress Is shown by publication of U'SAARI. Report 78-12 which
involved a medical evaluation of sound attentuation and electro-acoustic characteris-
tics of a prototype DH-178 protective helmet containing an active hearing protector
that may be proposed for use around some weapon systems. 'the specialized equipment
necessary for measuring impulse noise in the field has been partially received and
assembled. Preliminary examination of the data correlating physical ear and real-ear
attenuation measurements has been initiated. Data on accidents involving head injury
was obtained from ISASC and is being reviewed. li.mited user opinion survey on the
D11-132 helmet was conducted at Ft. Knox. A similar survey is being prepared for dis-
tributlon to units in Europe. lhe Y1!-6), Mi-1ll, >,-l(D, M11} and .XM-I were examined for
Impact surface hazards. The monorail drop tower was procured. The experimental plans
developed for this Investigation were presented to a Working Croup of the Naltional
Research touncil.
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23. (LI) Littl is known about the medical problems which extended operations have on
helicopter aircrews. The objective of this project is to assess the biomedical param-
eters which affect aviation personnel during sustained military operations. The over-
all results of the research will provide a baseline criteria for: (a) physiologic
measures of workload, stress and fatigue; (b) the effect of workload, stress, and fa-
tigue on extended performance; (c) Army aviation personnel requirements for sustained
operations; and (d) the fatigue and stress effects caused by special operational equip-
ment such as night vision goggles or helmet mounted sight systems.

24. (U) The approach will involve the utilization of in-flight and simulator monitorin
and recording systems capable of sampling and recording continuous analog and digital
information In experiments designed to measure pilot performance and aircraft response.
These recording systems and statistical techniques will be utilized to quantify and
predict aviator performance levels and subsequent man-system efficiency as a function of
extended military operations.

25. (LI) 7810-7909. During FY 79 a methodology report entitled "The Measuiement of Man
Helicopter Performance as a Function of Extended Flight Requirements and Aviator Fatigue'
was completed. Two of three planned extensive multidisciplinary data collection exer-
cises were completed in week-long simulator IFR flight operations. Survey data on avia-
tion crew work/rest schedules were used in modeling aviator to aircraft seat ratios for
sustained operations. These data were supplied to the TRADOC special study on Army Avis.
tion Personnel Requirements for Sustained Operations (AAPRSO). Research personnel par-
ticipated in the first transatlantic self-deployment of CH-47 helicopters without aerial
;efu ling exercise. A proposal to conduct in-fli ght research on aviator fatigue in ex-
e skowales waa OraAlrd-
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23. (G) Visual perception to Army aircrews is critical for pilotage, navigation, and
weapon utilization to fulfill various tactical requirements. The objective of this
project is to provide US Army aviation information regarding the visual performance of
fixed and rotary wing aviators during varying tactical missions. Special emphasis will
be placed on the objcctive quantification and interpretation of these data and their
relation to variables such as pilot physiological and psychological states and task
loading.

24. (1') The approach will involve tle utilization of an ,culomotor monitoring and re-
cording device for visual data collection during flight. Areas of research to be
add ressed will include: aviator visual performance during conditions of VFR, IFR, night
and nap-of-the-earth flights; day and night navigation; scout helicopter operations, and
varying aircraft comparisons. Measurements of dwell times, s(an tates, fixations, and
zones of workload will be analyzed to provide visual performance criteria and models.
Additionally, data collection equipment and techniques are being designed to provide the
ability to record visual data under night flight conditions and data analyses project.

25. (11) 7810-7909. Previously, visual performance investigations were reported under
3ccession numbers O 6899 and OC 6886. laboratory reports and findings can be reviewed
in the previous two accession number reports. Current efforts have been directed at
-ompleting a computerized dati bas'. Tils data base it; 857 complete. Still lacking are
lata from aviators during attack helicopter operations. Additionally, data collection
and analysis efforts have been extended to provide more sophisticated methods of Inter-
reting visual information provided by in-flight programs.
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23. (W) To provide valid. llcltlingul tiolledial criteria hor fit- dtve)lopiel if lhl)roved
designs aind equipment t hofii nlt l tection. tile nleills ti asses helmt ili ohiv pi'lol
mane,, ill trevewntioln of posthrash fire hurn biy imiprioved lhl'nliil i' hot,,live, clotliig.

24. (U) The approach will lie hased oil sound nllid accelihed exl)lillenilt lhioe'llgilloee'iigj
nthodologies including mathematical modeling. pat hophysiologic techniques. hionech lics.

structural engineering, thermodynamics. and physics.

25. (U1) 7810-7909. This work unit supports the Army's d,.sigmltelld rlesolsihility for direct
head impact work for all three services. (harged to establish a hiologic:illy valid helmet ihn
pact test methodolofy. A major effort h;is begill to improve laid ro'tlection illi litalrv iir
craft accidents because olne out of three aircraft (rash I'atalities is a result of hIad aid, o
neck trauma. In FY 79. the following tasks were completed: (I) i continual ion rs -aili
contract was consummate(l to complete itl(' research (on1 an ellergy absorbillg earcup to :llh,Ie
uate impacts ini the tempro parietal region of' ltle helad. (2) :i draft Flight Ihlmet l'i'fiu'ioiolce
Specification was written, but validation of the hell htoughness criteria and retention ilaries,
criteria must lie complethd prior to release if this (otulelnl . (31) 0 flial tolfll';itt t( coileite

the hist phase of the thermal math model for' thermal bprotective clothing lperi'ill-itie was
initiateild, (4) a tri.-svivice contract to evaluate fit 11 ill lliekhiawk crew mld troop selt
energy -absorbi ng characteristics witth cadaver occilpant, wa, initiated. and (5) an Arlly
Navy agreement to provid,, inulti axis impact tolerance 'crileria via rese(,ich wilth Navv
volunteers was ilso initiated. Manuscript entitled IT'o I of'e (If\altieiilaal Modlli: il
Crashworthy Ielicopter Svatillg Systels"' was lo'seltel d at A(;AItlt, Paris. tranmice.
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tII Rvt,.t,l( hi and Biomedical Applica-
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RESPONSIOLE INDtItItAL lhndASI.AEA D (
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Foreign Itelligentcte (llnSIdvrt-re ArmslroriInh R . N. , NIS, l)A(C

(1t.') P Itott cct ie Equ1i;icitrIt II' stlrt-ss P11N -I llogy-; (W) Nba-
CjlotLejtal Systrois: W) BIllit-ditcll; WI' Mll 'Niaclit. l-~tIn-i

* TECOIU(AL ORJECTIVE. SC APPROACO. 26 ORSEAi.t .t. . A d~t. T... .,d . .0. .. . ........'1 CN*

vtention . in the field, are :ctit to 1.SAAR. for- biomedical and iniury cltri't'Iatittn evaluation.

TIhis evaluation assesses the c' ffect i ventes s/ defic elicit., lof the li fe suoppolrt eqluipmtent through
an analysis of the physical conlition oft the prolt'c tivye devices . t he human inljury Incuirred
and the related human dynamics itrvolved in the accident . Thel( analysis is it cimpli sfitd
by the application of epidemiologic nothods incorporat ing nit'dicali reaedegnern
failure mode analysis. ac cident Investigative ltrice'(urt's , iort'isic 'latfillgy , mathematical
modetling and aplplited hioeng iee-infg resse;irch tt'Cliniiu's.

25. (U) 7810-7909). A hiomedical/physiologic.l crash Injuriy (olniliitlurii. dIatal base and

associated retrieval programs Werve tstablishe'd and helmsA inmry'' corrtlation data collected.
Consultations w('re prtovided to the U'S Ar-my Safety i't'ntt'r COInC('rninltg the( life s1liptilrt
equ ipment a sptects of accident in vestigatioin, and in! ury p revt'nt ion . D~uring F'I' 79. the
L.SF.RP received 35 prams concerning majo~r accidents. Ni nt (If thet ac ci (ltnt met thfi criteria
ftor initiating cast atUdifa . '1lit lift' Suppiort t'qu.ipnient r~cut'ri'd fromlni tese accidents
includeftd 21 flight helmets. 4 seats, and a number (if scat belts .nd ar'ticltes tof (Irithing . A
backlog of 36 cases wert' evaluated and closed oit. Lettters otf agi I't'nitnt ctinct'inIlig
e'xchangt' and t'valuation of rt'trievted L.SE wtere signed wxith the- Alii ric tndit- Navy.
Defects fil helmet rtention systtem rt'llct'mnrt pairts were disco1 vered1 .  ndiu brought~l tl the
attention of thie priocuiring agency.
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Escape, Rescue & Survivability; 002400 B ioengineering;

016200 Stress Physiology
Is. SVISAVDAV COSPLKIIOS 0*1K .5 11*01K1 A1CYI EPSSEOI

78 10 CONT DA I C. I n-liouse
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M5 US Army Aeromedical Research Laboratory -'US Army Aeromedical Research Laboratory

Field Research & Biomedical Appli-
*OKKSK *Fort Rucker, AL 36362 cations Division, Ft Rucker, Al. 3h362

IKS.ltNISAU AKE.- Armstrong, R. N., 1S, DAC
Knapp, S. C., COL, Cdr ,,L,..o..(205) 255-3211

K........ (205) 255-5107 SC.. . .. .. ......
I. S6K9-1 hJSt ASSOC.Al. ISESTIIGATOS

Foreign Intelligence Considered ~ lhundley, T. A., BA, DA(*
... _ Nagel_, G. A. , (PI, 1S(

S.SK.KSM.E.K. M.K., .... ,. *. (U) Hazards; (17) Protective Equipment (1 Strss

hysiology: (U) Life Suoor" (U ioenInern.1_ ( r) nrhmsL____

23. (U) Conduct applied medical research to identify, assess and prevent ulneVSsarv
health hazards and personnel injuries imposed by exposure to the operational envirn-
ment (altitude pressures, heat, cold, noise, toxic gases, oxygen levels, overlbla~t
pressures, chemical and biological agents, vibration, acceleration and dcicelrati'm
impacts), and to provide the Army technical information, recommendations and standards
to be used in the development and modification of systems that provid, protectin 1 ro
those hazards.

24. (U) The approach involves the application of physiological and biomedical applied
research methods utilizing physical and anthropometric examinations, x-rays, biochem-
istry, EMG muscle stress measurement and dynamic impact analysis techniques to isolate
the hazards involved and determine required protective measures. These techniques will
be applied to the establishment of biomedical requirements of orthopedically designed
seat configurations, head impact protection, vehicle crashworthiness, hody restraint
systems, environmental control systems, oxygen generating systems, lite support sur-
vival equipment and aeromedical evacuation and rescue equipment.

25. (U) 7810-7909. The data collection phase of the acccleration/deceleration im'pact
hazard assessment of ground combat vehicles was completed and the data analysis phase
initiated. Preliminary medical criteria have been established for the development oM th
new combat vehicle crewman protective helmet. Efforts have been initiated toward the
establishment of impact test criteria and methodology for the C\'( helmet. The Initial
field assessment for the concept evaluation of the Vnited Kingdom NV" protective cloth-
Ing was conducted under aviation operational conditions. The general mtethodology has
been established for further assessment of the medical hazards and operational constrain
associated x NBC protective clothing to be conducted during nY 80.
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016200 Stress Physiology; 008800 Life Support; 0013(00 Aircraft
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Pitysiottlogy, __icrf~ Supply FEquipment; (V) Li fe Sutpport ; (t) St russ
It ECNAICALI 8-11- 34 APPRCOCK. is PRRKA.(S "-KIIC. A, lRP*.,t.....ft~~Sf~ .~,KI'~f f. ff. ,C.

2 !. (V) 'To identify, assess, and prevent unnecessary hieal th hazrards associated with thc
gh ilt env ironment and to ob ta in a b iomed icalI data hase on t le human f unc t ion assoc i at tl

wi th the use of a ircra ft oxygen enr ichrient hrea thi1ng sys tems i n thle f Ii iglit env ironme-nt.
o p rovide the Army data, information, recomm~endiat ions anti criteria ttf aidt in the. ieve I-

opment and tleplo(fment of life Support systems to allcvi ato (lettif l ed healthi hazards,.

24. 0 ) t'he approach will consist of a bfiomretdical eVallOitt itfn iof state-fl -the(-airt iiyvgI
enri limi.n-t bfreaithing systems (hiring aircraft ground and( flighit tifilfiit ioltS. 'I ic iIit

will include the sampling of the environmental air input to the sy'stem as well1 as
the system output enriched air. The samples will he analyzed to tietermi ne tile systems,
ability to eflectivell filter contaminates known to exist in the operational environ-
ment . Phiysi ological data, heart rate, oxygen tension antd reslpiratorv fuinet ions as well
as system parameters, oxygen concentration, flo tw rates, tipt rat tres antidvssirt will
he' tol1eted tduring ground operations anti aircraft fl ighit at alt ittid. (t) asses tlit
ablfiIitv ot the sys teri to provide aviators the retqui reti tfxVy.fl itfcnttrat ifli aid (air it.
luring :'IifsIlight profiles. iThe dlata colic ted will 1-. cvalfiatfd wii t.p t ,
itori.Ii cal) . sal ety , anti man/macl i e I im i tat itins.

5.(r) 7810-7909. Iwo s tate-of -the-art mo leciulIar si t-v ttxv gen gilt rat ilig s%. C's '
issoclIateti transducers, antd physiologi c, measurement ssesIatlti hCtit'l.I

iminary aircraft (1'-21 and Ilil) bleed air envIronmnni-tal anti gas alnalsis Issmit

atve heen tondittei. Stat it and in-fl ighit envi rtlnmental dat atI iolet i" un stems, liavi
ieen designeti and mnit i,1 tests itfnttitet. ('al ilratio intdo v1i liiio -I tie, art tr i a
It'll txvlieflitglffii satuirat iton assssment systcm htave bleen ondut-1 tiit illihq, f -itjin

;-f'' ti . A t t ti r- l ia e stilt itI andti I i ghLt utet artv sc tell -il to it ht ii 11 t I l i Vt
r t .r itt F)i lii. .fAKII,.Nf
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Ti~tr..to~,,Ci..,o.,OC*,(LT) Hecalth flazard Assessmen-t and Implications of Whole-Body
Vibration Associated with Advanced Combat Vehicle T'echnologies

et c2.v, IFCAO~h.AWO.OGIAA.Sa. U0UUj Human Factors Engineering; UUMgUO ,Nan-Niachine Rlaiiuons;

790 01 )A C . In Hlouse

cce.UNEG..OUSC .... £S.MATa A .*RpiMU4A hR bwk 0"RU (5 a.)

.- Do0, .... 1 UM AT 80 1.0 55

sa-. US Army Aeromedical Research Lab I 'S Army Aeromedical Research Lab

Fort ueker. AL 6362ield 114esearch & Bioicfail Applica-

For it R ucke r. A]. 36362

NESPNCIS( ICIVHCA. ~~s JOHNSON, . .. (1"F', AMSC

TAMI KNAPP. S. C. . COL, Cdr ' ~~(205) 255 :3211
,.,oa (2015) 255-5107 -1c.1 $c.~cc,",COUIT -.- 1

BEH tlIAR. 1. , Ph. 1). ; BtURDICK . C. , CP'1'
Foreign Intelligence Considered NAIMOZ(). It. 'I'. , tAC

*_all ORU( 50CR ~ "I* (U) Vibration; (11) Noise: W1*) Vest ihular:('i tonier
ing; (U ) Acuity; (U) Stress; (U) lBiodynainics; (W) Simnulationi

23. (u) 'o assess the effect of whole-body, low frequency Vibriationi and noise peculiar to,
advanced combat vehicles oil the human visual . vestibular . hearing, and musculoskeletal
systems . Co rrel ate these effects in relations to the ir reltat ive h azarids to acute or ch~ron ic in -
jury Pote~ntia~l aind influence on crew performance. c'omfort, an st eficiency . 11 velojp health
citer ia recoin erda tions for vehicle and sub system design and( ope'ratio n.

24. (U1) The approach will hec mlutidlisciplinary in nature. lDyrinic characteristics oif the
Hfigh Survivability T'est Vehicle Light (IISTIV 1.) semisupine seat will the (liteinedi hv
Fourier transforma tehniques using instrumented tuiuran subjects onl the 1'SAA IL multiaxis
vibration table. Stress and fatigue reactions including neck muscle stre-ss and fatigoe assr,

ci uterI with operation of vid(eo (lisp1lay s. htarget acu ois it ion system . ind h seadr coupl)edt vi brat ioni
will b~e asssesse'd tly standard biochemical ansd psychophysiologic as welt as sprciali.(.d edec
troinyograjihic techniques. D~ynamic Visual ac-uity and eVe fatigueC Will tv studied under
multi pIc conditions of tnsrget dis ptla5y head a nd eye ( ovv non t . anid fri q uei'i phas coni (er~t rolled
vib~rations. contrast, and Iuminasnce.

25. (U) 7904 7909. Instrumentlation for the determinlationl of humflanl restiollse to vibration is
being acqtuired . installed. anrd valihriatirl. The14 vibration data acquisition systemn wilt piroidei
iinformnation that can be used to validate or eXpanld the scopfo of tosmo1anl virain iodbls devol
olied for other seating arrangements. Specifications fori tif ompitioi rivl doiiitic'i fiii dvicsifilir
visual acuity measurement using a5 vidlis ilisl day hnsvi. tiri writtenj. tCoorinastion of t1:st~i
processing hals beenl initiated with the tSAA Ill iiimpti-ir facility. .Atw o ftininil aidiiimiti'r
has been orderedl to monitor vibraitiion iiiiuccrl iaringv thishold iffi.cts wthich may appea1r.

DD P.ORN '1498 ~ oRSOCVI!P.M91'POf 9.
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"--'US Army Aeromedical Research Laboratory --- *US Army Aerolnedical Research Laborator5

Field Research & Biomedical Applica-

A°E'"ACort Rucker, AL 36362 tOOASA" tions Div, Ft Rucker, AL 36362
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Foreign Intelligence Considered .... Kim all, K. A., Ph.D., DAC
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M. -0.06 .. -C 1.-C,,...,'-=.,,C) (U) Aviation Medicine; (IT) Man-Machine Systems;

(U) Aviation Safety; (U) Operator Performance; (IT) Ergonomics
I O C1 N ICAL OCJE C IVIV .

l  
C AP OAC ., I C EI-OOSESIPI S .., lNE . I ,S C A PI r*4* 1.1 CI .. A .IM -i IV C8 -. r1 -¢11M- C- - -

23. (U) To provide medically important information about t e biomedical, ergonomic,
and human factors associated with man-machine system design throughout various phases
of the materiel acquisition cycle of Army aviation and ground vehicle equipment. To
perform appropriate medical RDT&E tasks in support of DARCOM equipment developers, pro-
gram managers, TRADOC systems managers, Army test and concept evaluation agencies and

boards, and the materiel systems user community.

24. (') The approach is to provide technical research inputs in the application of
medical, ergonomic and bioengineering science data to equipment development programs.
This includes providing medical input to conceptual development planning boards, collect
Ing limited man-machine system performance data in support of operational and develop-
mental test (OT and DT) programs and providing consultative and evaluative support to
PM's, TSM's, the TRADOC Concept Evaluation Program and the Tri-Service group on Helicop-
ter Medicine, Human Resources, and Human Factors Research Panel.

25. (C) 7810 - 7909. The following human factors efforts were completed and submitted
as laboratory letter reports in FY 79: Bio-Optic and human factors evaluation of the
OH-58C helicopter with improved flat plate canopy; (2) an evaluation of the lighting
of the tactical air traffic control tower (TSW-7) for blackout and night vision goggles
compatibility; (3) operational evaluation of cattlehide leather/nomex flyers gloves;
(4) human factors evaluation of the AH-l Cobra attack helicopter synthetic flight train-
ing system device 2B33; and (5) human factors in aviation safety--psychology, medicine
and engineering. Due to a realignment of laboratory personnel within the division, this
work unit will be terminated. Future work of this nature will be carried under work uni s
005 and 114--I)A 0(; 0162 and I)A O( 0165.
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23. (U) To evaluate the visual response mechansims that may influence the probability

of visual acquisition of dynamic targets. Also, to be able to predict the sensitivitN
of the visual system in various parts of the visual field from a knowledge of the
preceding adaptational regimen. These objectives have wide applicability in nearly
all real-world military operations.

24. (U) Studies of visual target acquisition over a wide range of target velocities
will be conducted to provide normative data on visual performance capability. The in-
fluence un performance limits of retinal factors (e.g., adaptational state) and extra-
retinal factors (e.g., target parameters, oculomotor and organismic characteristics)
will be assessed. Also, "real-world" adaptional environments will be simulated in the
laboratory with respect to both the spatial and temporal distribution of the adapting
illumination. The effect of these various adaptational regimens upon the sensitivitN
and temporal response of the visual system will he studied.

25. (U) 7810-7909 The luminance threshold for Landolt ring resolution in dark adapted
bservers was determtned for targets presented tachistoscopically and dy~nmically at
elocities from 1O0S-i to 0870Sl1 The dynamic luminance thresholds art, elevated relativt

ecreases. The dark adaptation portion of this project evaluated the adaptational
ffects of red versus white lighting at low luminance levels. For retinal areas directl1
timulated by adapting lights, red lighting was found to be superior even down to .0(1

L. This project is discontinued. Research initiated on this project is continue d on

498 "Research of Visual Problems Medically Significant to the Army." DA (Ii 69til .
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Appendix a

Publications and Presentations in FY 79

Publications

Armstrong, Richard N. (and others]. 1978. Oculomotor performance of
aviators during an autorotation maneuver in a helicopter simulator. In:
Knapp, S. C., ed. Operational helicopter aviation medicine. London:
Technical Editing and Reproduction, Ltd. p. 38-1--38-14. AGARD-CP-255.

Bailey, Robert W., and Glick, David D. 1978. Visual pockets--a design
parameter for helicopter instrument panels. In: Knapp, S. C., ed.
Operational helicopter aviation medicine. London: Technical Editing
and Reproduction, Ltd. p. 41-1--41-4. AGARD-CP-255.

Behar, Isaac. 1978. Training requirements for helicopter operation
with night vision goggles. In: Knapp, S. C., ed. Operational
helicopter aviation medicine. London: Technical Editing and
Reproduction, Ltd. p. 50-1--50-4. AGARD-CP-255.

Camp, Robert T., Jr. 1979. Hearing protectors. In: Cantrell,
Robert W., ed. Noise--its effects and controls; The Otolaryngologic
Clinics of North America. Philadelphia: W. B. Saunder Company.
12(3):569-583.

Camp, Robert T., Jr., and Mozo, Ben T. 1978. The effective acoustic
environment of helicopter crewmen. In: Knapp, S. C., ed.
Operational helicopter aviation medicine. London: Technical
Editing and Reproduction, Ltd. p. 45-1--45-2. AGARD-CP-255.

Chiou, Wun C. 1978. Operational consideration of AN/PVS-5 night vision
goggles for helicopter night flight. In: Knapp, S. C., ed.
Operational helicopter aviation medicine. London: Technical
Editing and Reproduction, Ltd. p. 49-1--50-4. AGARD-CP-255.

Knapp, Stanley C., Allemond, Pierre, and Karney, D. H. 1978. Helicopter
crashworhty fuel systems and their effectiveness in preventing thermal
injury. In: Knapp, S. C., ed. Operational helicopter aviation
medicine. London: Technical Editing and Reproduction, Ltd.
p. 61-1--61-7. AGARD-CP-255.
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Krueger, Gerald P., and Chapanis, Alphonse. 1979. Conferencing and
Tele-conferencing in three communication modes as a function of the
number of conferees. Accepted July 1979 for publication in
oz.a o7: . onc c's.

Krueger, Gerald P., and Jones, Yvonna, F. 1978. US Army aviation
Fatigue-related accidents. In: Knapp, S. C., ed. -7,e ':c'c,

'co o: rzo .o. ondon: Technical Editing and
Reproduction, Ltd. p. 20-1--20-11. AGARD-CP-255.

Lees, Michael A. [and others]. 1978. Changes in the rotary wing
aviator's ability to perform an uncommon low attitude rearward hover
manuever as a function of extended flight requirements and aviator fatigue.
In: Knapp, S. C., ed. T.!: ', ':', ,- t:a:or '
London: Technical Editing and Feproduction, Ltd. p. 22-1--22-14.
A(;ARD-CP-255.

Pollard, Gary D., and Hirsch, Dorls W. 1q78. In-flight toxicology of

fixed and rotary wing aircraft crew stations. In: Knapp, S, C., ed. 4
,, ', , - , ' ,,".' .. London: Technical Editing

and Reproduction, Ltd. p. l8-l--18-7. AGARD-CP-255.

Sanders, Michael (;. [and others]. 1978. An evaluation of the effects
of a stability augmentation system upon aviator performance/workload
during a medevac high hover operation. In: Knapp, S. C., ed.

ec''c' o ' ,''". London: Technical Editing
and Reproduction, Ltd. p. 7-1--7-9. AGARD-CP-255.

Simmons, Ronald R. 1979. Methodological considerations of visual
workload of helicopter pilots. !P:ew: -i':rrs ,',,z!. 21(3) :353-367.

Simmons, Ronald R., Lees, Michael A., and Kimball, Kent A. 1978.
Aviator visual performance: a comparative study of a helicopter simulator
and the P1-11I helicopter. In: Knapp, S. C., ed. -srat>'ra. ;:, C':Cr

London: Technical Editing and Reproduction, Ltd.
p. 52-1--52-13. A(;ARD-CP-255.

Simmons, Ronald R., Lees, Michael A., and Kimbal, Kent A. 1978.

Visual performance/worklodad of helicopter pilots during instrument
flight. In: Knapp, S. C., ed. z, p': ' . : , 7 * - ?''' , :' _, - I

', ,-?, . London: Technical Editing and Reproduction, Ltd.
p. 40-1--40-17. AG;ARD-CP-255.

Singley, George T. , III, and Haley, Joseph L. 1979. The use of
mathematical modellnp in crashworthy helicopter seating systems.
In: von Gierke, Ing. E. E., ed.''.o .m , :

London: Technical Editing and Reproduction, Ltd. A22-1--A22-2l.
AGARD-CP-253.



Slobodnik, Bruce A. 1979. Correlation of head injury with mechanical
forces based on helmet damage duplication. In: von Gierke, Ing. H.E.,
ed. Models and analogues for the evaluation of human biodynamics

response, performance and protection. London: Technical Editing and

Reproduction, Ltd. A19-1--A19-12. AGARD-CY-253.

Slobodnik, Bruce A. 1979. SPH-4 helmet damage and head injury correlation.
Aviation, Space, and Environmental Medicine. 50(2):139-146.

Stone, Lewis W. (and others]. 1978. Night vision goggles and in-flight
evaluation of the inside/outside refocusing problems in UH-lH

helicopters. In: Baise, E. J. and Miller, J. M., ed. Proceedings of
the Human Factors Society 22d Annual Meeting, 1978 October 16-19.
Santa Monica, California: Human Factors Society. p. 230-234.

Verona, Robert W. 1978. Head aiming/tracking accuracy in a helicopter

environment. In: Knapp, S. C., ed. Operational helicopter aviation
medicine. London: Technical Editing and Reproduction, Ltd.
p. 51-1--51-18. AGARD-CP-255.

Verona, Robert W. 1979. The direct image of CRT image quality.
In; Beiser, Leo, ed. Proceedings of the Society of Photo-
Optical Instrumentation Engineers. Washington: Bellingham.

Whitehurst, Lawrence R. 1979. Common problems in the medical
care of pilots. American Family Physician. 20(3):133-138.

Laboratory Technical Reports

Burdick, Charles K. [and others]. 1979. High frequency hearing loss

incurred by exposure to low-frequency noise. Fort Rucker, Alabama:
U.S. Army Aeromedical Research Laboratory. USAARL 79-3.

Burdick, Charles K. [and others]. 1979. Threshold pressures in

chinchillas exposed to octave bands of noise centered 63 and 1000 Hz
for three days. Fort Rucker, Alabama: U.S. Army Aeromedical Research

Laboratory. USAARL 79-6.

Goldstein, Jerod [and others]. 1979. Real-ear sound attenuation measure-
ments of selected sound protectors identified in the DAF qualified
products list. Fort Rucker, Alabama: U.S. Army Aeromedical Research
Laboratory. USAARL 79-10.

Johnson, Russell L., Gee, T. E., and Pettyjohn, F. S. 1979. Normal blood

chemistry values for laboratory animals analyzed by the sequential
multiple channel analyzer computer (SMAC-20). Fort Rucker, Alabama:
U.S. Army Aeromedicsl Research Laboratory. USAARL 79-7.
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Knox, Francis S. [and others]. 1979. A fire simulator/shutter system
for testing protective fabrics and calibrating thermal sensors.

Fort Rucker, Alabana: U.S. Army Aeromedical Research Laboratory.

USAARL 79-4.

Knox, Francis S., Wachtel, T. L., and Knapp, S. C. 1979. How to measure

the burn-preventive capability of non-flammable textiles: a comparison

of the USAARL porcine bioassay technique with mathematical models.

Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.

USAARL 79-5.

Krueger, Gerald P., and Jones, Yvonna F. 1979. U.S. Army aviation
fatigue-related accidents, 1971-1977. Fort Rucker, Alabama: U.S.

Army Aeromedical Research Laboratory. USAARL 79-1.

Lees, Michael A. [and others]. 1979. In-flight performance evaluation

of experimental information displays. Fort Rucker, Alabama: U.S. Army
Aeromedical Research Laboratory. USAARL 79-8.

Lees, Michael A. [and others]. 1979. The measurement of man-helicopter
performance as a function of extended flight requirements and aviator
fatigue. Fort Rucker, Alabama: U.S. Army Aeromedical Research

Laboratory. USAARL 79-12.

Patterson, James H., and Mozo, Ben T. 1978. Blast overpressures produced
by prototype XM 198, 155 mn towed howitzer. Fort Rucker, Alabama:
U.S. Army Aeromedical Research Laboratory. USAARL 79-2.

Patterson, James H. [and others]. 1979. Medical evaluation of sound
attenuation and electroacoustics characteristics of a NATO (COSMOCORD)
peak limiting ear protector. Fort Rucker, Alabama: U.S. Army
Aeromedical Research Laboratory. USAARL 79-13.

Stone, Lewis W. (and others]. 1979. Bifocal night vision goggle.
Fort Rucker, Alabama. U.S. Army Aeromedical Research Laboratory.

USAARL 79-11.

Verona, Robert W. 1979. Direct measure of CRT image quality. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL 79-14.

Verona, Robert W., and Johnson, John C., and Jones, Heber D. 1979.

Head aiming/tracking accuracy in a helicopter environment. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL 79-9.
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Laboratory Letter Reports

Behar, Isaac, and Holly, Franklin F. 1979. Bio-optical evaluation of
UH-1H armor windshield. Fort Rucker, Alabama: U.S. Army Aeromedical

Research Laboratory. USAARL-LR-79-7-2-2.

Goldstein, Jerod 1979. Real ear sound attenuation measurements on
Bilsom Propp-O-Plast, a disposable hearing protective device.
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.

USAARL-LR-79-10-2-4.

Kessler, Jeffrey B. 1979. Preliminary evaluation of the Hewlett-Packard

ear oximeter in Army aircraft. Fort Rucker, Alabama: U.S. Army
Aeromedical Research Laboratory. USAARL-LR-79-4-2-1.

Knox, Francis S. 1979. VIPER exhaust burn hazard. Fort Rucker, Alabama:
U.S. Army Aeromedical Research Laboratory. USAARL-79-9-1-1.

Krueger, Gerald P., Holly, Franklin F., and Cisco, Ronald R. 1979.
An evaluation of the lighting of the tactical air traffic control tower
(TSW-7) for blackout and night vision goggle compatibility. Fort Rucker,

Alabama: U.S. Army Aeromedical Research Laboratory. USAARL-LR-79-2-3-2.

Krueger, Gerald P. [and others]. 1979. Bic-optical and human factors
evaluation of the OH-58C helicopter with the improved flat plate canopy.
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.
USAARL-LR-79-3-3-3.

Krueger, Gerald P. 1979. Human factors in aviation safety-psychology,
medicine, and engineering. Fort Rucker, Alabama: U.S. Army Aeromedical
Research Laboratory. USAARL-LR-79-13-3-6.

Krueger, Gerald P. [and others]. 1979. Hunan factors evaluation of the
AH-i Cobra helicopter synthetic flight training system, device 2B33.

Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.
USAARL-LR-79-12-3-5.

Krueger, Gerald P., Stroud, Jonathan P., and Johnson, Gerald L. 1979.

Operational evaluation of cattlehide leather/nomex flyers gloves.
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.

USAARL-LR-79-6-3-4.

Mozo, Ben T. 1979. Acoustic evaluation of the ANIAPR-39 radar warning
detector. Fort Rucker, Alabama: U.S. Army Aeromedical Research

Laboratory. USAARL-LR-79-8-2-3.

Mozo, Ben T., and Marrow, Ronny H. 1979. Characteristics of headsets
used with DRIMS systems. Fort Rucker, Alabama: U.S. Army Aeromedical
Research Laboratory. USAARL-LR-79-11-2-5.

Pollard, Gary D., Stroud, Johnathan P., and Hargroove, Timonthy. 1979.
Evaluation of toxic gases in the cockpit of the 0H-58C. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL-LR-79-5-5-1.
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Simmons, Ronald R., Melton, Michael W., and Kimball, Kent A. 1979.

Visual perfornance criteria to define specification requiremento for
the U.S. Army Research and Technology Laboratories (USARL) helicopterA

simulator (helicopter flight imagery) eye and head movements. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL-LR-79-1-3-1.

Presentations.

Armstrong, Richard N. 1978. Iumant factors standards impact on
equipment design. Presented at the Human Factors Society
Annual Meeting, 16-19 Oct 1978, Detroit, Michigan.

Behar, Isaac. 1978. Perceived velocity of pursued targets.
Presented at the Psychonomic Society Meeting, 9-11 Nov 1978,
San Antonio, Texas.

Burdick, Charles K. 1978. Invited paper. "hreshold sh'fts
and cochlear dairage in chinchillas exos'd to 7o-, t'd, 'or
high frequency noise. Presented at the annual meeting of
the National Academy of Sciences-National Research Council,
Assembly of Behavorial and Social Sciences, Committee on
Hearing, Bioacoustics, and Biomechanics (CHABA), 18-19 Oct 1978,
Omaha, Nebraska.

Burdick, Charles K. and Knapp, Stanley C. 1979. "'he effect
of impulse and Zow-frequency noise on hcaing conservat'on.
Presented at the Operational Aeromedical Problems Course,
14-26 Jan 1979, US Army Academy of Health Sciences, Fort Sam
Houston, Texas.

Burdick, Charles K. 1979. Abstract. 'hreel7,! shifts in
chinchillas exposed to 7ot, and high frquenc, nose 
combination. Presented at the Acoustical Society of
America, 12-16 June 1979, Cambridge, Massachusetts.

Camp, Robert T., Jr., 1979. The effective acoustic env 'nrm';
helicopter .rewren. Presented at the Symposium on Internal
Noise in Helicopters, 17-20 Jul 1979, Southampton, England.

Crosley, John K. 1979. 7h' V,", A eri',.2
Ll oratorn Vision r,'s:ar p1o;a , :. Presented to the
National Research Council,--Comrnittee on Vision, 8-11 Apr 1979,
Washington, DC.

Haley, Joseph I. 1978. 'Zh upe f not lZCj'It
"

?f2,'
crasn,ort;ky heli opter sreatinc sy: ,,o:o. Presented at AGARD,
6-10 Nov 78, Paris, France.
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Holly, Franklin F. 1979. Psychophyeical considerationcs n
displa? desig. Presented at the Tri-Service Panel on
Night Vision Technology, 15-18 Jan 1979, San Diego, California.

Johnson, Gerald L. 1979. f'7-1'-4 helmets and i fcu equ'w'.n
retrievaZ program. Prese-ted to the Fifth Army Aviation Llfe
Support Equipment Workshop, 9-14 Sep 1979, St. Louls, Nissouri.

Johnson, Gerald L. 1979. Life suroport equipment retrmc va7 oroaror.
Presented to the Tri-Service Safety Conference, USASC, 5 Sep 1979,
Fort Rucker, Alabama.

Johnson, Gerald L. 1979. Curer, varig, u !:- maintencrnce of ' §
support equipc'ent. Presented to the Helicopter Foreman at
US Department of Agriculture Forestry Service, 7-11 May 1979,
Fresno, California.

Krueger, Gerald P. 1979. h'um: Ct':. "r,, u'a ' -
psyohoZogy, mcdiecine, a ,d n .r'u. Presented to the
18th Joint Services Aviation Safety Conference, 29 Aug 1979,
USASC, Fort Rucker, Alabama.

Krueger, Gerald L. 1979. 5'i'-. 'u; ' ;.. "
env.ronrcent. Presented to the Flight Surgeos (lass,
23 Aug 1979, Fort Rucker, Alabama.

Slobodnik, Bruce A., and Knapp, Stanley C. 1978. "; ;u, .o:
head correlati'on. Presented to the 158th Joint Medical

Research Conference, 17-19 Oct 178, Bolling AFB, 14ashngton,
DC.

Slobodnik, Bruce A., and Knapp, Stanley C. 1979. ",rr',ur Io:r
head injur1 to iamaocd helmct. Presented at the Operational
Aeromedical Problems Course, 14-26 Jan 1979, US Army Academy
of Health Sciences, Fort Sam Houston, Texas.

Whitehurst, Lawrence R. 1979. .,J .:u. a5> of : C ,<

environment. Presented to the Flight Surgeons Class,

12 Feb 1979, Fort Rucker, Alabama.
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Misceltaneous Publications

Greer, June. 1979. Editorial guide. Fort Rucker, Alabama: U.S. Army
Aeromedical Research Laboratory.

Greer, June. 1979. USAARL is.... (Video Tape). Fort Rucker, Alabama:
U.S. Army Aviation Center, ETV Branch. TRADOC No. -SL-011-0785-B.
12:29 minutes.

Johnson, Gerald L., and Knapp, Stanley C. 1978. SPH-4 helmet: individual
fitting, wear, and maintenance. (Video Tape). Fort Rucker, Alabama:
U.S. Army Aviation Center, ETV Branch. TRADOC No. -2C-011-0752-B.
21:19 minutes.
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Appendix C

Laboratory Personnel Serving on Technical and Scientific Committees

Committee Affiliation Individual

AEROSPACE MEDICAL ASSOCIATION

Scientific Program Committee Member COL S. C. Knapp

Member Dr. K. A. Kimball

AMERICAN NATIONAL STANDARDS INSTITUTE

Z90.1 Helmet Committee Member COL S. C. Knapp

Z90.1 Helmet Subcommittee on Helmet
Durability Chairman COL S. C. Knapp

Z80.1 Ophthalmic Lens Committee Member LTC J. K. Crosley

AIR STANDARDIZATION COORDINATING COMMITTEE
(INTERNATIONAL)

Working Party 61 Member LTC D. D. Glick
Member LTC J. K. Crosley

DEPARTMENT OF DEFENSE

Aircrew Station Standardization Panel Member LTC J. K. Crosley

(Tri-Service) Member CPT F. F. Holly

Group on Specification Problems and
Standardization Actions on Audio Devices Member Mr. R. T. Camp, Jr.
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Committee Affiliation Individual

Helicopter Research Coordinating Panel Member Dr. K. A. Kimball
(Tri-Service) Member COL S. C. Knapp

Joint Services Panel on the Field of
Night Vision Technology Member CPT R. Verona

Tri-Service Aeromedical Research Chairman COL S. C. Knapp
Panel (TARP) Member LTC J. K. Croslev

Tri-Service Aerospace Medical Coordina-
tion Technical Working Group Member Mr. J. L. Haley, Jr.

Human Factors Engineering Technical
Advisory Group (Tri-Service) Member Dr. K. A. Kimball

DEPARTMENT OF THE ARMY

Aircraft Noise, Working Group
(MIL-STD-8806) Member Mr. R. T. Camp, Jr.

Army Aviation Personnel Requirements
for Sustained Operations, Sustained
Advisory Group Member Dr. K. A. Kimball

Biomedical Engineering Consultant to

the Surgeon

General COL S. C. Knapp

Helicopter Medical Human Factors
Engineering and Training/Selection
Research Coordination Panel Member Dr. K. A. Kimball

Improved Lighting Systems for Army
Aircraft Member CPT F. F. Holly

Noise Limits for Atmy Materiel,
Working Group (MIL-STD-1474A) Member Mr. R. T. Camp, Jr.

Pilot Night Vision System Technical
Team Member CPT R. Verona

FEDERAL AVIATION ADMINISTRATION

Seat Committee Member COL S. C. Knapp
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Committee Affiliation Individual

NATIONAL ACADEMY OF SCIENCES/
National Research Council

Committee on Vision Member LTC D. D. Click

Committee on Vision Member LTC J. K. Crosley

Committee on Vision Member MAJ R. W. Wiley

Committee on Vision Member Dr. I. Behar

Committee on Hearing and Bioacoustics Member Mr. R. T. Camp, Jr.

NORTH ATLANTIC TREATY ORGANIZATION
Advisory Group for Aerospace R&D

Aerospace Medical Panel U.S. Army
Representative COL S. C. Knapp

Biodynamics Panel Member COL S. C. Knapp

Behavorial Sciences Committee, AMP Member Dr. K. A. Kimball

Evaluation of Methods to Assess Wqrkload,
AMP Working Group 08 Member Dr. K. A. Kimball
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Distribution

Defense Documentation Center Aeromechanics Laboratory
Alexandria, VA 22314 (12) US Army Research & Technology Labs

Ames Research Center, M/S 215-1
Director of Defense Research and Moffett Field, CA 94035 (1)

Engineering
ATTN: Assistant Director Sixth United States Army

(Environmental and Life Sciences) ATTN: SMA
Washington, DC 20301 (1) Presidio of San Francisco,

California 94129 (1)

Uniform Services University of the
Health Sciences Director

4301 Jones Bridge Road Army Audiology & Speech Center
Bethesda, MD 20014 (1) Walter Reed Army Medical Center

Forest Glen Section, Bldg 156
Commander Washington, DC 20012 (1)
US Army Medical Research and

Development Command US Army Materiel Command
ATTN: SGRD-AJ (Mrs Madigan) Harry Diamond Laboratories
Fort Detrick Scientific & Technical Information
Frederick, MD 21701 (5) Offices

2800 Powder Mill Road
Redstone Scientific Information Adelphi, MD 20783 (1)
Center

DRDMI-TBD US Army Ordnance Center & School
US Army Missile R&D Command Library, Bldg 3071
Redstone Arsenal, AL 35809 (1) ATTN: ATSL-DOSL

Aberdeen Proving Ground, MD
US Army Yuma Proving Ground 21005 (1)
Technical Library
Yuma, AZ 85364 (1) US Army

Environmental Hygiene Agency
US Army Aviation Engineering Library, Bldg E2100

Flight Activity Aberdeen Proving Ground, MD
ATTN: DAVTE-M (Technical Library) 21010 (1)
Edwards AFB, CA 93523 (1)

Technical Library
US Army Combat Developments Chemical Systems Laboratory
Experimentation Command Aberdeen Proving Ground, MD

Technical Library 21010 (1)
HO, USACDEC
Box 22
Fort Ord, CA 93941 (1)
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Director US Army Materiel Systems Analysis

Biomedical Laboratory 
Agency

Aberdeen Proving Ground, MD ATTN: Reports Distribution
21010 () Aberdeen Proving Ground, MD

21005 (1)

HDQ, First United States Army

ATTN: AFKA-MD (Surgeon's Office) US Army Field Artillery School

Fort George G. Meade, MD Library

20755 (1) Snow Hall, Room 16
Fort Sill, OK 73503 (1)Director US rm

Ballistic Research Laboratory US Army

ATTN: DRDAR-TSB-S (STINFO) Dugway Proving Ground

Aberdeen Proving Ground, MD Technical Library

21005 (2) Bldg 5330
Dugway, UT 84022 (1)

US Army Research & Development
Technical Support Activity US Army Material Development &

Fort Monmouth, NJ 07703 (1) Readiness Command
ATTN: DRCSG

CDR/DIR 
5001 Eisenhower Avenue

US Army Combat Surveillance & Alexandria, VA 22333 (1)

Target Acquisition Laboratory Ui
ATTN: DELCS-D US Army Foreign Science Technology

Fort Monmouth, NJ 07703 (1) Center
ATTN: DRXST-ISI

US Army Avionics R&D Activity 
220 7th St., NE

ATTN: DAVAA-O Charlottesville, VA 22901 (1)

Fort Monmouth, NJ 07703 (1) US Army Training & Doctrine Command

US Army White Sands Missile Range ATTN: ATCD (

Technical Library Division Fort Monroe, VA 23651 (2)

White Sands Missile Range
New Mexico 88002 (1) Commander

US Army Training & Doctrine Command

Chief ATTN: Surgeon

Benet Weapons Laboratory Fort Monroe, VA 23651 (1)

LCWSL, USA ARRADCOM
ATTN: DRDAR-LCB-TL US Army Research & Technology Labs

Watervliet Arsenal Structures Laboratory Library

Watervliet, NY 12189 (1) NASA Langley Research Center
Mail Stop 266

US Army Research 6 Technology Labs Hampton, VA 23665 (1)

Propulsion Laboratory MS 77-5
NASA Lewis Research Center Commander

Cleveland, OH 44135 (1) 10th Medical Laboratory
ATTN: DEHE (Audiologist)

Commander APO New York 09180 (1)

US Army Troop Support & Aviation
Material Readiness Command Commander

ATTN: DRSTS-W US Army Natick R&D Command

St Louis, MO 63102 (1) ATTN: Technical Librarian
Natick, MA 01760 (1)

Commander
US Army Aviation R&D Command US Air Force

ATTN: DRDAV-E Flight Test Center

Po Box 209 Technical Library, Stop 238

St. Louis, MO 63166 (1) Edwards AFB, CA 93523 (1)
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